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Quantitative Dohcription of Ten British Specie*^ of the Genus Mmum. By 
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Prof. F. E. Wei^s, D.Sc., F.L.S.) 

(0 Text-figures.) 

[Head 1st June, 1910 ] 

iNTHOnrCTloN. 

When wo ^ive a specific description of an animal or a plant, we use terms, 
and an ex^tensive termin()log;y has been created for the description of the 
characters of living beings. 

The leaves of a certain <^pecies A are, for instance, described as ohlojig, 
elongate^ mth numfrous mannnal teelh and a short petiole. Those of species 
JS are ovaL shorty with distant marginal Ueih and a longer petiole. So lon^ us 
we compare the two deserijUions in a book the difference betweeif and B 
is distinct, but when w'^e look at the objects w^e begin to liesirate. The 
words are vague : what is, for iuslanoe, the ditfereiUM' botweim a short and a 
longer petiole? Moreover, wo are very often puz/ded by the variation of the 
characters. AVe may find in .1 leaves which are really and other 

leaves which are rather oval^ and in B we may find some leaves which are 
oblong or oboval and petioles of very different length®. 

We are told, for instance, that the pronotum of a certain species of 
LINN. JOUKN.—BOTANY, VOL. XLIV. B 
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18 loiig«r ihm broadf an 4 ilnit this property k quite ohatoqiertlj^ 
th« spitwim ander floasidamibA. Meatmring ib« laagth and (lift btaiilllit 
a do«i^ spatiimens, we fiad tiiAt the pronotam ia atm^t di«tiao% brntdet* 
than lor^ I The aa&or of ibo deBcription has been deoelved by an Qjdbftl 
illasioa, the system of. carved lines whioh limit the prosotam prodnt^g A 
blse appearance. 

Similar examples are to be found in thousands. Our me&od of desoribing 
animal and vegetable species has made little progr^s since the days of 
Lamarck and Oe Candolle. It is true our descriptions are more complete 
than in former times, attention being paid to characters which were unknown 
or neglected a century ago, but the way in which the characters are described 
has been little improved. The defects of the method are more seriously felt 
in proportion as the number of the known species becomes greater. 

The result of this state of things is that it is often very difficult—in fiiot, 
impossible—to identify a specimen, even by means of the best books. Again 
and again species already known to science are described afresh under new 
names, because it was impossible to recognize them in the previously pub¬ 
lished descriptions. * 

Notwithstanding all this, the work accomplished by systematic botany and 
zoology is a very valuable one ; tens of thousands of species have been 
exactly discriminated, for the most part by a sort of instinct, which enables 
the experienced systematist to recognize the species by their fades. The 
masters of descriptive science possess this instinct to an astonishing degree. 
The difficulty begins when a specific description is to be made. 

Is it possible to adopt a better descriptive method, which would render 
the valuable knowledge collected by the systematists more exact, and make 
the inventory of living nature more useful ? Is it possible to describe 
and to identify an animal or a vegetable species by means of numbers 
representing the values of the specific characters ? * 

Such a quantitative method is used for the description of inorganic objects. 
When we want to describe a specific mineral or a chemical substance (for 
instance, quartz^ sea-’salt, copper, sulphate, xoater, etc.), we measure a certain 
number of its properties, such as deadly, index of refraction, coefficient of 
expansion, angles of the crystalline form, etc. The measurements are made 
aocordingAto certain conventions with reference to temperature, pressure, 
and other conditions of observation. The description consists of figures 
^so-called constants^ 

* In deference to cuetomMy usagre, I have used thronjdiont the present oommuiucatioa 
the worf “character ” in speaking of the various features the measurements of which give 
ns spemflc difierences. I should have preferred the term "property” os empbaeizing the 
MSlogy between the specific cbaraoters of living oiganiane and the various properties of 
inorganic objects. I hope to develop this point of view more fully in a suhssqneat 
publication, ^ 
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tl have tried to apply a similar method to the description of living species 
by measuring 38 characters of about 90 species and 20 varieties of the 
genus Carafmi. For each property I have determined the minimal, median, 
and maximal value in each species. The figures, set in order in tables, 
emtbled me to describe and to identify the species and varieties more 
accurately than by the usual method of description. Unfortunately, the war 
prevented me from finishing and publishing my work. 

I have tried to carry out similar work with plants, in the Cryptogamic 
Laboratory of the University of Manchester, On the suggestion of 
Prof. Lang, I took mosses of the genus Maium. I have measured fourteen 
different characters of 10 British species of this genus (altogether more than 
80,000 measurements have been made). Four other species of Mnium 
belong to the British flora, but they are very rare in these islands and could 
not be measured for want of material. 

I hope to publish later a more extensive work on the theoretical part 
of this quantitative method. In the present paper I confine myself to a 
quantitative description of the ten studied species, giving only the theoretical 
indications which are necessary to make the given descriptions com¬ 
prehensible. 

I read a short abstract of my work at the Meeting of the British Asso¬ 
ciation for the Advancement of Science, in Manchester, on September 7th, 
1915*. I may peihaps be allowed to reply here in a few wortfs to some 
remarks which were made on that occasion. 

The first criticism was to the eftect that I was using a rather complicated 
method for the identification ol species which are easily distinguished by 
every student of British mosses. I give the description of British species 
of Mnium as a first example of the application of the quantitative method, 
because I w’anted to begin with xcell’-knowny easily recognizable species, in 
order to put the method to the test and to establish a starting-point for 
further application. 

Secondly, it was said that the use of the method is too laborious to allow 
of an extensive application. It is true that tlje quantitative description of 
a certain number of species is a long and rather tedious task, hut this is not a 
sufficient reason to cause us to be discouraged. When the descriptions and 
the tables of identification are made (once for all), the measurements which 
.are needed for the identification of a given specimen of Mnium may be made 
in less than an hour, and for the use of the tables no more than about ten 
minutes are needed. Let us remember that the exact measurement of one 
single physical constant is also a delicate and sometimes a very long task. 

^ ** On the Expression by Measurement of Specific Characterp, with Special Kefei*ence to 
Mosses,** Eeport of the Meeting of the British Association for the Advancement of Science, 
beM at Manchester in September 1915. 
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this fact, ioonmerablo conatanta have baea datermiaed hif 
pbyaiclats and chemiats. In a pictionaty of Oha^iatry wo 1^ 

btindreda of thousands of numbers which have been calculated during morn 
than a century. Many of them (for instance, the atomic weight of the 
elements) were at the heginninff only apprommate and have he4n coftetted 
later an. It is certainty possible to carry out a similar work with animalis 
and plants. 

My address seems to have made^on some persons the impression that I am 
complicating things which are rather simple. In realitx, the method 
enables us to face and to surmount difficulties which actually exist and are 
ordinarily overlockdA^ When we are told, for instance, that in Mniuiii 
raetraium the cells m the leaves are larger than in Mniurn eerratum^ this 
information is on the whole correct. But we may find specimeiib of rostratum 
tibe cells of which are really smaller than those of certain specimens of 
eerratum ! Such facts bring about hesitation and doubt. When wo say 
that the breadth of the celU at the place of the greatest breadth of the leaf in 
the longest leaf 0 / a fertile stem of M. serratwn^ varies between 16 and 26ft, 
and that the same, clferacter varies in rostratum between 22 and 36 ft, we 
have replaced, it is true, a simple notion by a complicated one, but the 
given information is complete. The student is no longer disconcerted 
by the disagreement between the descripti\e text and the facts he is 
observing. 

The material used for obtaining the measurements that follow v^as for the 
most part obtained from the Barker collection of British Bryophytes. 

This herbarium was given to the University of Manchester by the late 
Thomas Barker, Profe^^sor of Mathematics, who was the founder of the 
Chair of Cryptogamic Botany in the Uni^ersitj^ of Manchester. 

A few specimens were taken from the Manchester Herbarium. A 
number of rare specimens were kindly given to mo bv Mr, H, N Dixon, 
M.A., F.L.S., to whom I offer here my best thanks. 

To Prof, W. H. Lang, in whose laboratory the prebent work w^is carried 
out, and to Prof. F. E. Weiss I am deeply indebted, as they made this uoik 
possible for me, and I wish to express to them my gratitude. 

I beg Prof. O. Unwin, who kindly helpoil me with leference to the 
language, to accept my most sincere thanks. 
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PART I. 

Gradation. 

Variation of a Given Character along a Given Axis .— Variation within 
the Limits of One Specimen. 

§ 1. Difficulties. —When we try to apjJy the quantitative method to 
the description o£ an animal or a vegetable species, we meet two serious 
difficulties. 

The FIRST DIFFICULTY depends on the individual ^variation. The great 
majority of the characters of animaLs and | hints are variable within the 
limits of each species, and the differences between several individuals of 
the same species are often great. Wlieh we measure, for instance, the 
length and the breadth of the pronotum (})rofhorax) and the elytra of a 
dozen Beetles (Ooleoptera) between which tliere is no specific difference, 
we see that they are all different from each other in the four characters 
under consideration ; and one who makes for the first time such a series 
of ineasurennmts is astonished by the importance of the observed differ¬ 
ences, although the meabiired specinn^ns seemed to be, at first '^ight, almost 
identical. The figures seem to vary in a most capricious way, and to be 
useless for the description of a species or the identification of a specimen. 
In the description of living beings, quantitative data have been used 
only in those rather exceptional cases in which a character is not (or 
only very slightly) variable (examples: number of teeth of the peristome 
of the Mosses, number of sUimens and styles in many flocvers, etc.). We 
shall see further (Part II.) how it is possible to use even such variable 
figures for description and identification. 

The second difficulty occurs especially in the Vegetable Kingdom and 
in polypiform animals ; also to a certain degree in other animals. It is 
the result of a jieculiar sort of variation which is quite distinct from the 
individual variation (or variation properly so-called), and may bo called 
gradation. 

Example ; Let us suppose that we want to compare the length of tlie 
leaves in two species of plants, A and B. Enormous differences are almost 
always observed between the leaves of each specimen. In one fertile stem 
of Mnium orthorfdiynchum, wiih 53 leaves, the shortest leaf had a length of 
0*46 mm., the length of the longest leaf was 3*91 mm. In a similar stem 
of M. undulatum^ with 51 leaves, the length of the longest leaf was 
8‘97 mm., that of the shortest leaf 1*06 mm.* What answer can bo given 

^ In a branch of Ulmus montana with seven leaves the length of the longest leaf 
(petiole-flimb) was 16*6 cm., that of the shortest leaf 6 cm. 








Mte axe asked what is ^ 

:i>ri&on1ilfnehttni or Mn. undwbHNMi^' !!J^\''fihd'‘''^b 0 ''kiuiir«r; .-is^ 
estsblu^ the eottditioQS tmder'. which nseasmiemeohi ate to be ^ica^ 
in order to obtsio comparable'h^res. Ih otimr wordf, 'edMih we hin^ 
meaeared a leaf 2 belon^D^ to a i^jpcdmea of the i^tedes A, we want 
to find in a specimen of the species B a leaf which is oomparidilB 
with I, 


§ 2 . Gradatiok.^—^T he way in which it is possible to solve this problem 
may be indicated by the stndy of an example. 

We take the ^<»%b of the genus Mnium. All the species belong to the 
SH’dinary typel^ the Acrocarpic Mosses. In a complete specimen we find 
fe^le* stems ^Mhich bear a fruit) and, according to the species, Orect and 
horicdatal sterile branches, male branches, etc. The leaves of all those 
branohfs are more dr less different from each other in all tbe specimens of a 
given''species. We agree, therefore, to limit onr measurements to certain 
definite and restricted features, in the same way as we do when we measure 
the pro|)ertie» of .inorganic objects. We select the fertile stem, and exclude 
all the other parts of the plant. Tbe fertile stems may be considered as 
comparable in all the specimens and all the species. 

When we measure, for instance, the length of all the snocessive leaves of 
such a stem from the base to the summit, we see that the character length 
increases up to a maximum and then diminishes (see Table I.). 


Table I. 

Mnium fmnetatum, Hedw.: a fertile stem with 10 leaves ; length of the 
successive leaves in mm. 

Leaves: 1. 2. 8. 4. 6. 6. 7. 8. 9. 10. 

Length .... 0*97 LSI 2 42 4-16 6-37 6-44 7 18 7'12 6-89 2'46 

Here we have a first simple example of gradation. Gradation is thx 

VARIATION OF A GIVEN PROPERTY ALONG A GIVEN AXIS. In this case 
the UMS of gradation or line of gradaiion is the longitudinal axis of the 
stem which bears the measured leaves. We know that those leaves have 
been developed sncoossively in acropetal order; therefore the whole system 
of ten leaves represents a period of growth, and at tbe same time a perimi of 
gradaiion of the character under consideration. 

By means of the figures in Table I. we may construct the Gmdation 
Curve of one specimen {speamen curve), in which the axis is represented by 
a horizonial line, tbe length of tbe successive leaves being represented 
by equidistant vertical ordinates (fig. 1). A spedmen curve is merely a 
graphic representation of facts, without any calculation. 
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ITj©. 1 ,—Mnium punctatum. Gradation Curve of the length of the lea% es of one fertile 
stem. Of Base of the stem; .r, Summit of the stem; 2,.. 10, successive leaves. 

Scale in mm. See the hguies in Table 1. 

At first sight a gradation curve ^ recalls by its ascending-descending 
form a variation curve properly ‘^o-called ; it is, hoever, something quite 
different. In the ordinal y (indi\idu*il) vnnation, the differences between 
the individuals dejiend on chanck. A ’\aiiation curve properly so-called 
represents the distribution ot tl e observed allies ot a given property among 

♦ Percy Groom, ** Longitudinal Symmetry in Pbanerogamia,^’ Phil. Trans. Roy. Soc. 
London, sex. B, vol. cc. (1008) pp. 67-115, with numerous figuie«». 

Percy Groom measured the length of the 8ucce8*»i'\e iiiternodes of the stem in a number 
of Phanerogams (i2Af9tanMtM,Ohenopodlaceeo, Boraginacess, Solanacea^, Lym^iachiay Scrophu- 
Imia^ Ampelopiu^ etc.). In his paper one finds numerous mternode-curves which represent 
the variation of the length of the intemodes along the axis, in the same wa) as our fig. 1 
represents the variation of the length of the leaves. By the study of what I call Gradation, 
Percy Groom was brought to interesting morphological conclusions—among others, ** that 
the aHemate4eaved Chenopodiacem have a phyllotaxis tramitional heimen alternate and 
epp0iitef and that oppo$iie phylhtax^s i$ priniiiive in thie family (Loc, cit p. 65.) 

From this example one sees that the study of giadation may render good service in 
a field of research quite different from the subject of the present paper on Mosses. 




8 


PROF, jvhrm ayasr 


R certain number of comparable individnale* The form of such a curve is 
governed by the laws of chance {Qnetelet, Galton). 

The Gradation (variation alelig an axis) does not depend on chance^ but 
on a certain cause (force or factor) which varies regularly all along the 
axis according to a certain law which is quite different from the laws of 
chance. In other words, in our example (fig. 1), the length y' of a given 
leaf 7 depends on (is a function of) the distance between the base of the 
leaf I and the origin o of the axis *• Chance has only an influence in 
producing slight irreynlarities of the curve, which are easily discerned when 
the curve is drawn. In fig. 1 such irregularities are less conspicuous than 
in the majority of the gradation curves (fig. 2). 

§8. Impobtakob of the longest leaf. — In the fertile stem of all the 
species of Mnium the gradation curve of the length of the leaves is in a 
certain degree variable, but on the whole similar to the example represented 
in fig, 1, The longest leaf of a given fertile stem (correspoiuling to the 
summit of the curve) is therefore comparable with the longest leaf of any 
fertile stein of any species of Mnivm whatever (see § 12, Remark II,). 

§ 4. Simultaneous Gradation of several characters along the same 
AXIS. —When we measure a second character (for instance, the breadth of 
the successive leaves of a fertile stem) we obtain a second gradation curve.— 
Example : The gradation of the character and the character breadth of 
the leaves of a fertile stem of Mtdxwi serratum ; see Table II. and fig. 2. 


Table II. 

Mnium serratum, Schrad.: a fertile stem with 27 leaves ; length and 
breadth of the successi\e lea^es in mm. 


Leaves; 

1. 

2. 

3. 

4 

r>. 

6. 

7. 

8 

0. 

Lenglih. 

,, 

1-66 

1-86 

2-OC 

2-If) 

2*28 

2-42 

244 

2*44 

Breadth 




LOG 

1-09 

M7 

M7 

1-18 

1*16 

Leaves: 

10. 

11. 

12. 

18. 

14. 

L). 

16. 

17. 

18. 

Length ,. 

271 

2-(54 

2*86 

302 

2-95 

3-19 

309 

3*24 

340 

lireadtl] 

1-36 

1*27 

1-35 

1*34 

1*29 


1-46 

1-62 

1-51 

Leaves: 

19. 

20. 

21. 

22. 

23. 

24. 

23. 

26. 

27. 

Length. 

3*28 

3*55 

370 

3*84 

4*08 

4-37 

471 

402 

8*22 

Breadth .... 

142 

1-44 

1*49 

1-46 

L27 

1*24 

]'07 

0*80 

0*65 


Here the two characters are independent of (‘uch other with reference to 
their gradation: the maximal length coriesponds to leaf 25, the maximal 
breadth to leaf 17. 

* The relation between the value y and the distance x may be expressed by y^fx\ The 
nature of / is hitherto unknown. 
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I have studied tlie gradation of twelve characters of the leaves in ten 
species: the figures are given in the description of the species, Part IV. 
The general conclusion is that in each species each character has its own 
gradation^ dififerent from all others. (There is, however, often a certain 
analogy between certain gradation curves. See Types of gradation^ § 11.) 



Fig. 2 .—Mmmn serrafuvi, (-iradatiou Cur\(“< of ihe length and the hruvith of the leaves 
of one fertile o, IhiNe ot the 4ein ; Smnmit of the stem : 1, ... 6,... 27, 
Suece«8i\e lea\efl; Z>*, Jkendth ; X, Length. See the figures iu Table II.—In these 
euiM'es the fortuitous irre^ulimner juoduced hy chance are more conspicuous than in 
tig. 1. 

§4 a. Period ok (Ludation. So long as 1 w.ns acquainted only with the 
gradation of tlie length, I thought that there w’as a relation between gmdation 
and the so-called grand period of growth, tlie development of the longest leaf 
synchronising A\ith tlie period of greatest velocity of growth. But the fact that 
eacli character has its own independent gradation and tliat there is no coincidence 
between the liighest values of se\eral characters of the same stein, makes it very 
difficult to admit such a relation. The suggestion that a connection really exists 
between tlie variation of a character along an axis and the variation of the 
velocity of growth along the same axis, can only he accepted when ^^e admit that 
each character has its owui grand peiiod coinciding ^\ith the summit of its 
gradation curve. According to this ^iew, >\e should no longer speak of one 
grand period, hut of as many grand periods as there are characters, 

Percy Groom, discussing the question of a possilde connection between the 
grand period of growth and the normal curve of a main axis of a herb (gradation 
of the lengili of the internodes) has pointed out tliat: ^'What Sacks detcrihes as ihe 
gHuhd period of growth of a cell mvohm merely a kinetic conception dealing exchi^ 
sively with the velocity or rate of growth of a cell* The proposition in question .. . . 
does not define or treat of the duration of growth or ihe ultimate dimensions attained 
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by a cM .... The length attained by an intemede^ m the ether hemd^ depende upm 
eeverai /actors: the original length of ike intemode, the mem ifelooity and duredion 
of Us grcnoth** (Phil. Trans. Roy. Soc. ser. B, vol. oc. (190B) p. 96,) 

The question is very complicated one (see Percy Groom, L c. pp, 96-101). 
We do not need to discuss it further in the present paper* In any case, we may 
consider all the leaves which belong to one gradation curve as representing one 
continuous (uninterrupted) period of growth (period of gradation), abstaining from 
any reference to a possible connection between the form of the gradation curve 
and the variation of the velocity of growth during that period. 

§ 5, Leading ohakactek. —When we want to study the gradation of 
hoveral characters along the same axis, at first each character must be 
studied separately. But, in order to obtain a general view of the whole^ we 
may take one of the characters as a standard or leading character^ all the 
others being referred to the standard. The choice of the leading character 
is, in each peculiar case, arbitrary. As a rule, we may take a conspicuous 
character, the gradation of which is distinct. I take in this paper the length 
of the leaves, the curve of which has ordinarily a prominent summit. 

§ 5 a. We may represent the gradation of a given property in four 
different ways, viz., by means of 

1®. A curve of one specimen [specimen curve) : this is merely an 
empiric representation of facts. See §§ 2 & 4. 

2®. An interval curve of one specimen {specimen interval curve). 
See § 6. 

3®, A mean interval curve of several specimens. See § 7. 

4®. The curves 1®, 2®, and 3® may be brought into the form of percentage 
curves. See § 

§ 6. Inierval curve of one specimen. —In this paper I limit myself to 
that part of the stem which extends from the lowest leaf to the longest one. 
As the number of leaves is very variable, oven within the limits of one species * 
(which makes comparisons difficult), J divide this part of the stem into 
10 equal intervals ; having measured the value of a given character of all 
the leaves, I calcnlafe the mean value of the character in each interval. The 
figures of each interval thus become comparable with the figures of the same 
interval in all the specimens and species. Moreover, as the leaves are 
brought together into groups, the small irregularities produced hy chance 
disappear to some extent, especially when the leaves are numerous. 

Example : I take the length of the leaves of the stem of Mnium serratum^ 
the figures of which are given in Table II. (fig. 2). From the lowest leaf 
to the longest one, the number of leaves is 25. 1 divide this part of the 

"> Examples ,—Fertile stem of Mnium pmciatmiy 7-19 leaves; fertile stem of M* komum, 
46 64 leaves. 
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stem first into 1000 grades. The leaf 1 (lowest leaf) is placed at 0^, the 
leaf 2 at 42^ .... the leaf 6 at 209^, .... the leaf 25 (the longest 
one) at 1000®. I divide now the part of the stem under consideration 
into ten intervals, viz., interval 1 from 0® to 99®, interval 2 from 100® to 
199®,.... interval 10 from 900® to 1000®. Table TII. gives the number of 
leaves in each interval. 


Table III. 

A fertile stem of Mnium serratum, Schrad. : number of leaves in the ten 
intervals. Total number = 25. Compare Table II. 

Intervals: 1. 2. 3. 4. 6. 6. 7. 8. 9. 10. 

Number of leaves .. 3 2322 3 2323 


1 calculate now the mean value of the property lenifth in each interval, 
using the figures given in Table II. Sec Table IV. 

Table IV. 

Interval curve of one fertile stem of Mnium serratunu Mean length of 
the leaves f in 10 intervals, in mni. 

Intervals: 1. 2. 3. 4. o. 6. 7. 8. 9. 10. 

Mean length.... 1*70 2*10 2*38 2*58 2*76 3 05 3*17 3*41 8*77 4*69 

As the curve in Table IV. represents one specimen (fertile stem), I call it 
a specimen interval curve. 


§7. Mean interval curve, —We may, in a similar way, construct the 
mean curve of a given character of a certain number of steins which were 
developed under the same conditions of existence. The safest way is to take 
stems belonging to the same patch. 

Example : 1 have measured ihe lengths of all the leaves (114 in number) 
of 11 fertile steins of Mnium pu net alum collected by l*rof. Barker (Llanberis 
to Bangor, Wales). Talde V. gives the number of leaves of each of them in 
each interval (see the method of calculation in § G). It must be observed 
that in several stems the number of leaves is smaller than 10 ; even in such 
oases the place of each leaf is calculated by means of the general method 
used in § G. 

♦ 1000; (25 -1) « 41*7. 

t Leaf 1 was damaged and could not be measured (see Table II.). Therefore only two 
leaves are taken into account in interval 1. 
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Table V. 

Mnium punctatum^ Hedw,: distribution of the leaves of 11 fertile stems 



Intervals: 

1. 

among 10 intervals. 
2. 8. 4. 5. 

6. 

7. 

8, 

9. 

10. 

Stem 

1 . 

2 

1 

2 

1 

1 

2 

1 

2 

1 

2 


2. 

1 


1 

,, 

1 

,, 

1 

• • 

1 

1 


3. 

2 

1 

1 

1 

1 

1 

1 

1 

1 

2 

4. 

2 . 

1 

1 

1 

1 

1 

1 

1 

1 

2 

>» 

5 .. .. 

2 

1 

2 

1 

2 

1 

2 

1 

2 

2 


6. 

2 

1 

1 

2 

1 

1 

2 

1 

1 

2 


7 . 

1 

1 

, , 

1 

. , 

1 

1 

,. 

1 

1 

» 

8. 

1 

1 

1 

1 

., 

1 

1 

1 

] 

1 


9. 

1 

1 

1 

1 

,» 

1 

1 

1 

1 

1 

fj 

10. 

1 

1 

,, 

1 

,, 

1 

1 

,. 

1 

1 

V 

11 . 

1 

1 

•• 

1 


1 

1 


1 

1 

otal leaves in each 1 
intenal.J 

16 

10 

10 

11 

7 

n 

13 

8 

12 

16 


Dividing in each interval the total length of all the leaves by the number 
of leaves, we find the mean length in each interval : this gives the mean 
interval curiae of the ivhole group. See Table VI. 

Table VI. 

Mean interval curve of the length of tlie h aves of 11 fertile stems of 

Mninm pnuetatum. 


Intervals; 

1. 

2. 

3. 

4. 

5 

6 . 

7. 

8. 

9. 

10. 

Mean length, In nim. .. 
Id., reduced in ] 

2-10 

2*66 

3o3 

3*(**3 

4W 

4-98 

5-73 

6*17 

6*99 

7*19 

of the length in y 
interval 10.J 

29 

36 

49 

r>o 

64 

69 

80 

80 

97 

100 


§8. Percentage curves. —Comparison between an interval curve of one 
spedmen and a mean interval curve. A comparison between specimen curves 
of two or several stems ♦ is only suitable when the number of loaves is the 
same (see § (!) ; as this number is very variable, equality rarely occurs. 
Therefore we must have recourse to interval curves (§§ 6 & 7). 

Interval curves (sj)ecimen as well as mean curves) in which absolute values 
are given are all comparable with each other, because they have all the 
same number of ordinates. In such curves, however, the absolute values of 
the characters under consideration are of secondary importance ; the relative 
values of the successive ordinates, indicating the variation along the axis^ are 
much more important (see also § 14). Therefore we are allowed to bring the 


* Belongiiu^ to the same species or to difierent species. 
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interval curves to such a form that the absolute values are eliminated, only 
the relative values (proportions) being retained. This method enables us to 
reduce all the curves to the same scale ; this makes comparisons much 
easier. 

In all the interval curves we suppose the mean value of the 10th interval 
«100, and calculate the value of the other intervals in hundreds of the 10th 
one. We call such curves percoiitago interval curves or percentage curvee 
(7o curves). 

Examj.de ; We want to compare a mean interval curve of a group of 
specimens with the curve of one of the specimens. In Table VII. we give 
the mean curve of the length of the leaves * of eight stems of Mnium liomum 
(belonging to the stimo patcli) and the individual curve of one of those stems 
taken at random, with the corresponding percentage curves. 

Table Vll. 


hornnm, Linn.—Length of tl)e leaves : mean curve of eight steins 
and one indiviilual curve, with the corresponding percentage curves. 


Inteiwals: 

1. 

2. 

3. 

4. 

r>. 

0. 

7. 

8. 

9. 

10. 

8 stems : lonjitli, in mui. ,. 

2'(K) 

2ol 


3-2S 

3’7o 

4-23 

405 

6*24 

0*01 

679 

IVrcentiige. 

30 

37 

43 

48 

o5 

02 

09 

77 

89 

100 

1 stem: loiigtli, iu mm. .. 


2%>3 

2>1 

3-30 

4'J3 

4*45 

4*94 

5*04 

0'43 

7*10 

iVreentage. 

20 

OO 

30 

47 

oS 

02 

00 

79 

90 

100 


Comparing the percentage eur\es, we see that the individual curve does not 
deviate' much from the mean eur\e. This is an ordinary rule : in the great 
majority of Uie cases tin* gradation of a given character in a stem ^ollow^s 
more or l<‘>s a])proNimatcly llu* nwan curve of the gvoop of stems to which it 
belongs. Thcreibre we ina> admit that a mean curNe is not the result of an 
arhitrary metho<l of com[)utation, but that it lui" a real significance. A 
mean t*urve represents (he nu>>t probable (approximately the most frequent) 
gradation in a group of stems. The differences between the specimen 
curves are very likely produced by cbanc<*—in the same way as the ordinary 
individual \ariation. 

§ 9. Peucentaoe ci^KVEs f continued).— Comparison between two species 
with re/i rence to the gradation of the same property. Let us C()i)q>are, for 
instance, the mean percentage curve in Table VJL (J/. hornam) with the 
similar curve in Table VI. (J/. jjunchitum). The difference betw^cen both 
curves is obvious—too great to be explained by chance. In the intervals 
7, 8, 9 the percentage values are much higher in punctatam than in hornum : 
the result is that the summit (interval 10) is di&tinctly more prominent in 
hornum, (See also Table IX.) 

♦ R40 leaves distributed amiuig 10 iutorvals. 
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§ 10. PbboeBtaoe ochvbs (contiuned ).—Companion between teveral ehor 
raeiers of ike same species. Table Yin. enables ns to compare the gradatiim 
of four characters of the leaves of M. homum by means of their mean 
percentage curves (eight specimens belonging to the same patch). The 
absolute values are given in the descriptive table of M. homum. 

Table VIII. 


Mnium homum, Linn.—Mean percentage curves of the gradation of four 



characters. 

Eight stems (340 leaves). 

See 

fig. 3. 




Intervale: 

! 1. 

2, 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

Length.... 


. 30 

37 

48 

48 

56 

62 

69 

77 

89 

100 

Breadth .. 
Number of 

cells at the ] 

. 46 

53 

68 

77 

94 

107 

111 

120 

121 

100 

place of 
breadth ,. 

the greatest | 

. 60 

67 

76 

90 

103 

114 

119 

124 

124 

100 

Breadth of those cells. 

. 67 

72 

78 

88 

89 

94 

94 

04 

100 

100 



Fie, 3.—The curves represent the figures in Table VIII. X, length of the leaves; 

Bl, breadth of the leaves; Nc, number of cells; Be, breadth of the cells. 

We see hero (fig. 3) more examples of the independence of the gradation 
curves; the carves L, Be, and Nc are, indeed, quite different. 

The curve Bl is interesting. The character Bl (breadth of the leaves) depends 
-on the whole on two factors: the camber of cells (in the transverse direction) and 
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th^ir breadth. Jn the intervals 1~6 the curves No (number) and Be (breadth of 
the cells) are both ascending; the increase of Bl in those intervals depends on 
the two mentioned factors. In the intervals 6-9, the increase of Be being less 
rapid, the influence of this factor on the increase of Bl becomes smaller and this 
increase depends almost exclusively on Ne. In the intervals 9-10 Be is invariable; 
therefore the variation (negative increase) of Bl depends merely on the variation 
of iTc. 

The relations between Bl and the factoi's Be and Nc are thus A^ariable all along 
the axis. Moreover, those relations are not the same in all the species. If we try 
to study those relations by taking a number of leaves at random, we may be brought 
to contradictory results, and general conclusions drawn from such fragmentary 
observations may be rather illusory. It is merely by the study of the gradation 
curves in a sufficient number of species that we may hope to discover general rules 
governing the relations between the dimensions of an organ, the number of its 
constituent cells, and their dimensions*. 

We see from this example that the knowledge of the gradation may have a 
certain importance for the solution of certain physiological and morphological 
problems—apart from its significance for the st^vdy of species and their variation. 

§ 11. Types of Gradation.—T he gradation curves of twelve characters of 
the leaves of the fertile stem in t(*n species of Miduin may be brought roughly 
under five types :— 

Type T. : The character under consideration increases from the lo^^ost leaf 
to the longest one, and decreases beyond this. This is, of course, the case 
with the length of the lea\(*s (holding property) in all the species, and also in 
some otlier cases {ed\unples : figs. 1 it 2 ; L and Be in fig. 3 ; Mn, rosfratum 
and stihylohosHm in Table IX.). 

Type II. : The character, increasing from tb(‘ lowest leaf, reacbe.s its 
maximum (summit of the curve) below the longest leaf, the po^ition of the 
maximum being very variable. See, for instance Ne and Bl in fig. 3. More 
examples are given in Table IX.; in this table the summit of the curve of 
the same character (breadth of the lea\es at their base) has a different position 
according to the species. Two species ha^e their summit in interval 10: 
those belong thus to T}pel. The eight other species (/m?7i?Dn is doubtful) 
belong to Type 11., the summit being situated below the longest leaf. 

A comparison l>etw'een the curves in Table IX. is the occasion of some interesting 
remarks. We see, for instance, tliat in two species {rostratitm,^ sichglohosum) 
the longest leaves have tlie bioadest base, but in four other species {affiue^ empi- 
datum^ undidatum^ punciatum) the longest leaves have the narrowest base. In 
mihglohosum the shortest leaves (intervals 1, 2) are much narrower at their base 
than the longer ones (intervals 9, 10); in punctatam we see rather the inverse. 
This is interesting, because these two species resemble each otlier in many other 
character. 

♦ See Percy Groom, Phil. Trans. Roy. Soc. London, ser. B, vol, cc. (1908) pp. 96-98. 
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Tabm IX. 


Mean percentage curve# of the breadth of the leaves at their base in ton apeoiee 
of Mnium. The absolute values (m mm.) are given in the descriptive 
tables of the species. Each species is represented by one patch* 


Intervals! 

1. 

2. 

3. 

4. 

5. 

6, 

7. 

8. 

9. 

10. 

e^ne . 

117 

m 

139 

181 

124 

127 

110 

104 

97 

100 

cuepidatmn . 

107 

127 

132 

133 

182 

127 

128 

lie 

106 

100 

homum . 

59 

67 

7a 

81 

87 

90 

92 

96 

101 

100 

crthert'hynchum 

79 

84 

92 

96 

104 

122 

124 

118 

106 

100 

mduhtum . 

106 

110 

128 

145 

143 

136 

m 

122 

114 

100 

f*o$tratum 

,66 

70 

66 

73 

70 

71 

77 

78 

90 

lOO 

^mosufn ...... 

90 

106 

127 

122 

122 

113 

106 

103 

100 

lOO 

punetattm. 

103 

111 

114 

113' 

114 

109 

112 

110 

106 

100 

eubfflohomm .... 

72 

83 

94 

94 

89 

95 

88 

92 

98 

100 

emrafum . ... 

91 

97 

98 

103 

108 

114 

115 

no 

100 

lOO 


Type HI.; In some curves the increase is rapid in the first intervals ; when 
a certain ^alue is reached it remains comtant or almost constant in the next 
intervals, the curve assuming the form of a horizontal line.— Ed^nmples : 
The number of cells at the place of the greatest breadth of the leaves in 
M, undulatum (almost constant in intervals 4-10) and also ,1/. spinosum 
(intervals 4-8), See Table X., in which the curN e of a third spoeieb is given 
for comparison. 

Table X. 


Mean interval curves of the number of cells of the leaves at the )>lace of the 
greatest breadth in three species of Mninm. Absolute values. 


Intervals; 

1, 

2. 

8 . 

4. 

6. 

6. 

7 


9 

10 

uf^nlatmn 

63 

71 

76 

91 

92 

89 

9] 

90 

89 

89 

spinosum . .... 

40 

69 

84 

01 

91 

90 

88 

88 

87 

82 

orthorrhynchan .... 

28 

82 

37 

40 

40 

63 

CO 

60 

62 

42 


Type fV. ; In some specimens and in some s[>ec*ies a character has the 
value 0 (does not exist) in the first intervals.— Example ; In the great 
majority of the specimens of Mnivm liovimm the teeth at the margin of the 
leaves and on tlie vein (at the back of the leaf) do not exist in the lowest 
leaves. See Table XI. 

Table XI. 

Mnium hormnn, —Gradation of the number of teeth (1) at the margin of the 
loaves and (2) on the nerve. One stem ; inter\al curves. 

Intervals; 1. 2. 3. 4. 6. 6. 7. 8. 9. 10* 


Teeth: margin. 0 0 1 14 .^2 42 50 68 69 66 

„ nerve . 0 0 0 0*2 1 S 6 7 7 10 
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Xype V.: Sometimefi a character reaches its maximum in the leaves which 
are above the longest Example : tn AJn, pv7ictatmn the nerve is short 

and never reaches the summit of the leaf in the three first intervals; in 
intervals 4*“10 it grows longer^ more and more approaching the summit and 
often (not always) reaching this. In the second leaf above the longest leaf, 
and further upwards, tl)e nerve reaches the summit in all the specimens 
I have observed. 

Bemabk : The classification of the characters in five groups with reference 
to their gradation is an artificial one, as all possible transitions between the 
typos are found to exist* A common feature of all the gradation curves is 
their ascending-descending form. All the observed differences may be 
brought under two principles;—1®, the variation of the position of the 
summit ; 2®, the variation of the rapidity of increase (or decrease) along the 
axis. In other words, the differences between the curves are quantitative 

§12.—From the examples given in the preceding j>aragraphs, we may 
conclude that the gradation of a particular series of measurements is a 
character in itself, independent of the absolute value of the feature under 
consideration. The gradation of a given character is more or less variable 
among the specimens of the same species (see § 8) and often very different 
from one species to another (see Table IX.). The gradation curve may be 
modified by the conditions of existence—we know at least one good example 
of such a modification 

The principle of gradation rules greatl\ in the morphology of plants, and 
also in a certain degree the structure of animals (see § 23, note p. 33). 
A full discussion of this subject would go far beyond the limits of this 
paper. Therefore 1 want to clo^e this part with five final remarks. 

Remark T. ; The knowledge ot tlio gradation of a certain number of 
characters enables us to make char the variation of the leaves of the same 
stem.— Examples : In fig. 2 a given leaf (for instance, 25) is quite different 
from another given leaf (for instance, 17) with ref(*rence to the measurements 
of length and hreadih. As each character has its own independent ciir\e (see 
figs. 2 & 3), and as much diAersity exists among the ciiiAes. the result is a 
practically unlimited number of combinations J, the chaiacters of each leaf 
depending on its position §. This form of vaiiation ,seems to be of the same 
kind as the individual variation, but it is soim^thing quite diflerent (see §2). 

♦ We may suppose that in the relation (see note, § 2, p. 8) certain variable factors 
intervene, the knowledge of which would perhaps enable us to explain the observed 
differences. 

t The gradation of the number of marginal florets in Chrysanthemum carmatum, Hchou»b, 

X In Table 11. the figures in each veitical column give the combination of the cor- 
re8|KmdiMg leaf. 

5 This is also the case with branches, buds, flowers, fruits, tiichomes, hydathodes, etc. 
LIKN. JOrRN.- -BOTANY, VOL. XLIV. C 



18 


PKOF^ .7tri4l08 UMtmVi OH T»H 


Individual vaviation depends on ckance^ but the variation of the twenty^eeven 
leaves in fig* 2 is independent of it 

The two forms of variability ate often confounded, and the fruit of many 
laborious researches has been spoiled by that confusion. 

Let us suppose that we want to study the variation of the length of the 
leaves of the fertile stem of Jfef, homum (or any other species). If we 
collect and ineasuie a certain number of leaves taken at random from a 
certain number of stems, and if we construct a variation cur\e by means of 
the collected figures, we bring together material which is not homogeneous. 
The variation depends here bn two causes— chance and gradation ,—the 
effects of which are not governed by the same laws. If we start from the 
idea that \arTation, in this and all similar eases, is merely governed by the 
law of chance, the calculation of a mean value and other more complicated 
computations will give artificial results. 

As this question is important, I may be allowed to give one more example 
In Table XII. one finds the mean interval curves ot four characters of the 
leaves ot Mnium orthorrhynchum. 

Table XII. 

Mnium orthorrhynchtm^ Bruch, Schimp. k Guemb.—Mean interval cur%es of 
four characters of the leaves of the fertile stem. 

Intervals* 1. 2. 8 4 5. 6. 7. 8 9 10. 

Length (mm.) . 0 70 0*99 1 28 1 41 l*r>9 2*00 2*84 2 91 819 3 90 

Breadth (mm.) .. .. 0 36 0*42 0*50 0*56 0*65 0*84 0*93 0 98 0 83 OU 

„ of the cells (m) 11 11 12 12 18 14 14 14 U 18 

Marginal teeth (number. 1 2 5 7 10 1521 20 26 29 

Although only four characteis are taken into account in thi^- <‘i\aniple, the 
enormous differences existing between the leaves of the ten intervals are 
obvious (compare, for in»<tance, the combination of figures in tbe vertical 
column 3 with tbe combination in colunm 8, etc.). The knowledge of flie 
gradation curves is our leading clue among this disconcerting variation, 
tchich does not depend on chance. 

Remark II.: Tbe principle of gradation enable*? us to answer tbe rjuestion, 
which leaf ol a given specimen is comparulde with a given kaf of another 
specimen ; the leaves wliich are situated at the same degree of the 
gradation axisf comparable .—Ejcample i In a stem with 15 leaves 

(from the lowest loaf to the longest one) tbe 8th leaf (numbered from 
below) is at 500° the method of computation in § C) ; in a stem witli 
33 leaves the 17th leal is also at 500°, and is thus ooniparable with the 
8th leaf in the first stem. In the same way, the longest leaves of all 
the stems are comparable, as they are all at 1000° (see § 3). 


♦ We leave out of account tie fortuitous irregulsiities of the curves (see § 2). 
t lu other words, the leaves which have the same lalue a (see § 2). 
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Unfortunately, apart from the longest leaf, this exact method is only 
applicable in exceptional cases. In a stem with 38 leaves, for instance, 
we do not find any leaf at 500^, and there is thus no leaf strictly comparable 
with the two former ones. A similar difficulty very often occurs. 

Therefore, if we want to study the individval variation and to construct a 
mriation cifvve properly schcalled, we must content ourselves with collecting 
and measuring the leaves which belong to the same interval in each stem. 
In this way the variation produced by gradation is eliminated, and we may 
consider the obtained variation curve as being governed only by the laws of 
chance. The easiest method is to limit ourselves to the 10th intcw*val. This 
method is not quite accurate, because the leaves \^hich belong to the same 
interval are not exactly the same degree ; but it is approximate enough for 
our purpose, which is the description of species and the identification of 
specimens. If wo wante<l to he more accurate for any other purpose, we 
shouli] take in each stern the longest leaf only. 

JIemark III.: It is obvious that certain relations exist between tlie 
•characters of a giv(*n leaf and those ol all other leavers.— Example : In 
Table XII. tire leaves in intervals 5 and 10 have almost exactly the same 
/breadth. Starting from this equality, we find that 

In int^ivval 10: 

Length =:=3’96 min.; breadth of the cells =sl3 /i; number of marginal teeth =29. 
in interval 3: 

Length - 1*59 mm.; breadth (»f the cells = 13 ^; number of marginal teeth =10, 

Tile proportions interval 5: interval 10 are 

Bieadth . .. 0*05:0*04 102.100 

!.«‘ngth . 1*59:3*90 = 40:J(K) 

Breadth of colls. 13:13 = 100:100 

Numbor of teetli . 10*29 = r)4:l(X) 

Numerou'* conijiarisonv of the same kind are juis'^lblt' : the results seem to 
he cajiricious to such a degree that one would think tliat any attenqit to iiis- 
cover any J'ule whatever would be vain. All similar relations between the 
leaves of a given stem depend, hovvev^er, on the (jradation of the eliaracteivs 
under consideration. 

If we w^ant to study the correlation hetvvt^en the leavc^ of several stems of 
the same species, w*e must compare leaves which belong to the same interval 
(ill preference the lOrh) or the longe&t leaf in all the steins, in order to 
eliminate the influence of gradation. The same method enables us» to study 
the correlation betw^cen the characters of distinct species. 

Tables such as Tables II., VIII., XL, XII,, and the specific tables B whicli 
are given in Part IV., are, in a certain sense, correlation tables. Without 
.taking into account the principle of gradation, it is hardly possible to make 

o2 
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clear oomlatioc ic *^tlie Yej^etable Kingdoda^ The limits of this pajier do^ 
cot allow a further discussion o{ this subject* 

BniCAaK tv.: Grradation may produce^ within the limite of one epedmm^ 
a segregation (disjunction) of characters, which recalls the segregatioti 
eoonrring in Mendelian hybrids.— EaeampUt Adopting the well-kncwn 
preienee^ahsence principle with reference to the visible properties, we 
consider thi*ee properties of the leaves of Mnium hornnm :— 

4, (<t) In some leaves the vein reaches the summit of the leaf: we call 

this character S. In other leaves of the same stem it does not 
reach the summit (absence of the character) : we call this e. 

(6) Some leaves have marginal teeth: we call this character B. The 
absence of teeth, which is observed in other leaves of the same stem, 
is called ft. 

(c) The presence of teeth on the nerve at the back of the leaf is called N. 
In some leaves of the «;ame stem those teeth are absent; their 
absence is called n. 

Table XIII. gives the gradation of the three properties in one stem taken 
at random, only with reference to presence^ahsence. (See also Table XI.) 

Table XIII* 

Mnium homum^ Linn.—Presence-absence table of three characters in the 
leaves of one stem. Interval table. 

Intervals: 1. 2. B. 4. 5. 6. 7. 8. 9. 10, 


. s s S 8 8 8 8 8 S S 

B-b . b b B B B B B B B B 

N~w. n n n N N N N N N N 


Let us suppose now that a species SBN (in all the leaves: midrib reaching 
the summit, teeth at the margin, teeth on the nerve) is crossed with a 
species shn (nerve ceasing below the summit ; margin ami nerve without 
teeth). If the transmission of the properties ha])pens regularly according 
to tlie Laio of Mendel^ the plants (second hybrid g**neration) are of eight 
different kinds, viz. : 


SBN, SBw, ^bn, 8bn, 

S6N, ^B», 

«BN, 8b^, 

Of those eight combinations, four occur among the leaves of the stemiin 
Table XIII., viz.: 

In inteiTals L2 ... 8hn, 

„ interval 3 . 

„ intervals 4-8. sBN. 

„ „ 9-10. SBN. 
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It msy be pointed out that it is impossible to find tbe^explanation of those 
facts in the ordinary hypotheses of the Mendelian theory —such as the 
principle of segregation of the zygotes, the dominant-regressive principle, 
the hypothesis of the hereditary factors, and the presence-absence theory 
with reference to these factors,—because all the leaves in Table XIII, belong 
to one stem. Here the base of the explanation is found in a quite different 
principle—pmdation. This calls for reflection 

Rbmabk V,: We have seen (§ 12) that the gradation of a given character 
is a character in itself. It would be interesting to observe the transmission 
of a gradation curve in hybridization. We see, for instance, in Table IX* 
(p, 16) that in i/. rostratvm the gradation curve of the breadth oj the leaves 
at their base has its summit in interval JO ; the summit of the corresponding 
curve of Sjmomm is found in interval 3. What would be the form cf 
the curve in the hybrids between the two species? 

Hybridization of Mosses seems to be impracticable ; but it is certainly 
possible to find among the Phanerogams two sj)ecies different from each 
other by the form of the gratlation curve of a given character and suitable 
for experiment. 


PART 11. 

Individual Vakiation. 

The Use oj Figures for the Description of Species and the Identification 

of Specimens, 

§ 13. Individual vakiation. —Let us suppose that we have measured 
a given character of the longest leaf of a certain number of specimens 
(fertile stems) belonging to a given species of Mnium —for instance, the 
length of the longest leaf of eight stems of M. spinosiim. In this example 
the figures were (in mm.) ; 

0*66 068 7*^3 7*53 7*04 7*64 7-68 8*10 

As all the m<iasured leaves are exactly comparable (see § 12, Remark 11.), 
the influence of gradation is eliminated. Here the variation is governed by 
the laws of chance ; it is individual variation. What answer will be given 
when we are asked which value is characteristic for the species ? 

Here we meet the first difficulty mentioned in § 1. 

§ 14. Mean value. —According to the classic method, we might calculate 
the meufi value (in the above example, 7*38 mm.) and take this as a cha¬ 
racteristic one. But the significance of a mean value, and especially its 


See on the general importance of gradation, § 12, p. 17, second paragraph. 
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Uologkal isignidcanpe^ is something vrby vaeublic md therefore rather 
vague. 

When we want to construct, for instance, a mean interval curve of a 
certain character of a group of specimens (see § 7), we need to find the 
relative value of the ten ordinates. As the variation of the character within 
the limits of a given interval depends (almost entirely) on chance, the mean 
value in an interval a is approximately the most probable (the most frequent) 
value of the character in the middle of a. Taking the mean values of the 
ten intervals, we eliminate as much as possible the influence of chance; 
^ the differences between the ten figures depend (almost entirely) on the 
influence of gradation. The construction of a moan interval curve (in 
which the ten mean values are used) is thus justified ; such a curve gives 
by the relative values of its ordinates, an adequate representation of the 
Variation of the character along the axis. But the absolute values of the 
mean values (ordinates) are of secondary importance, because those absolute 
values vary from one patch to another. (See the construction of i^ercentage 
interval curves, in which the absolute values are eliminated, § 8.) 

We see from this example that, wdien we want to use mean values, their 
real significance ought to be exactly defined in each peculiar case. 

What is, for instance, the significance of the mean length 7*38 mm., 
calculated by means of the eight figures in § 13 ? As the variation of the^^e 
eight figures depends merely on chance, the calculation of a mean value is 
justified from a mathematical standpoint. But its significance is limited to 
the patch to which the eight stems belong; similar values may bo useful 
for the comparison of several patches with each other *, but they are not 
characteristic for the species. 

It is, in fact, mrossiBLE to establish the mean value of a vanable cltaracter 
of a species. In the aliove example (M, spinosum, § 13) the mean length of 
the leaves was calculated by means of specnnons belonging to one patch. 
But when we collect several patches of the same species in different localities, 
each patch gives a different mean value ; when we bring these values together 
and try to calculate in that way the mean value of the species, the result is, 
of course, an artificial one and will he modified again and again by each 
new observation. 

Moreover, even if we succeeded in establishing a specific mean value f, this 
Mould give us little help, if any help at all, for the identification of a given 
specimen.— Emmple : We have found for the length ot the longest leaf of 
Mnium spinosum the v^alue 7*38 ; in a similar way we found for Mniam 
cuspidatum the value 4*63 mm. Let us suppose that those values wore really 

* For instauoe, with lefexence to the influduce of different conditions of existence. 

t For instance, by cultivating the species under certain conditions of existence defined 
by coDvention-^a method which is practicable only in exceptional cases. 
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Specific. As the character under consideration is variable in each species^ 
it is impossible to say to which of the two belongs a stem, the longest 
leaf of which bus a length intermediate between the two figures ; and if the 
individual figure of the unknown st^m is, for instance, 4 mm. or 8 mm., we 
can give no more than a guess at its identity, 

§ 15. Maximal and Minimal values. —In a series of measurements 
representing the individual vanation of a given property of a species, the 
MAXIMAL value and (with certain restrictions) the inimmal value have a 
more definite biological significance than the mean value. Moreover, 
it is pos.sible to find these two limits, once for all, by a sufficient number of 
observations. Theheforb the maximal and minimal values are the 

CHARACTERISTTC CONSTANTS OF THE srECIES, 

Adopting thi^ view*, I deviate from the classical })rinciple of the mean 
value introduced in biometrical science by Quctelet (1H4C). This principle, 
borrowed from the theory of errors^ is quite ju^ti^ie<l from a mathematical 
standpoint, and may do good service in certain cases ('^ee § 14j; but from a 
biological point of view^ a mean value is very often dece[)tive. 

There are serious physioloyiml reasons for considering the minimal and 
maximal limits as (M)NSTANTs and for ascribing to them a depnite biological 
and nmtliematical significance. 1 hope to expound this subject more 
completely in another publication 

§ 16. Practical use of the limit values. —In the present j)aper 1 want 
to content mysell by pointing out the practical bnjtortauce of the minimal 
and maximal values for the dc'-cription of species and tb(" identification of 
specinums. 

We take, as first example, the length of the leaver of the tenth interval 
of the fertile stem of two species, Mnium enspidatam and M. hornym. The 
measurement of a certain number of specimens, belonging to patches collected 
in several localities, has given the following limits :— 


cuspidafum . 8'78 mm. 7*44 mm. 

hornum . 6*17 ,. 8*00 „ 


In this case the variation is transgressive ; in other words, the two series 
(variation curv(*s) overlaj) each other. 

Let ns suppose that we wrant to identify a specimen d\ and that we are 
hesitating hc^tween the two mentioned species. The length of the longest 
leaf of u! is 5*33 mm, ; this figure being hetv\een the minimum of hornum 
and the maximum of cta^pidatiim^ it is impossible to make a choice. As the 
examjiles of transgressive variability are very numerous, a similar difficulty 

e I beg the reader of the present paper to accept as a postulate that the maximal value 
and (with certain restrictions) the minimal value are speeitic constants. 
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0 C 0 Xir$ again and again^ and it aeatns to be insuperable* There ate, however> 
three methods to surmount it. 

The FIRST METHOD consists in trying a second character of tfie mme 
ipecinien w : for instance, the breadth of the longest leaf, which is in our 
example Hiin^ On the other hand, the limits of the breadth are in ihe 
two species: 

M, cuspidattim ... 1*29 mm. 8*26 mm* 

M.hormm ... 0*64 „ 1*46 „ 

Although the two specific curves are again overlapping each other, 
hesitation is no longer possible : as is caspidatum. 

In the above* example, two meusureinents allow us to identify x 
According to my experience with Carahus and Mnium^ this happens more 
frequently than one uould think. It is, of course, often necessary to 
measure more than two characters of a specimen, especijdly when we 
want to make a choice between numerous species. 

The SECOND METHOD U applicable when we have at our disposal two or 
more specimens which belong with certainty to the same species. This is the 
ordinary case with Mosses, as several stems of the same species are to be 
found in one patch t-— Example : In a patch 4r, the breadth of the longest 
leaf of four fertile stems was measured ; the figures were 

1*19 mm. 1*16 mm. 0*96 mm. 0*67 mm. 

Comparing the specific limits given above, we see that the first figure 
(1*19) is doubtful ; it points to homum^ but the difference between 1*19 
and the minimum of cuspidatum is too small to give a decision. The second 
figure (1’15) is also doubtful, but the two figures together make it probable 
that the patch x is hornum. The third and the fourth figures (0*95 and 
0*67) are decisive in favour of homum ; the four stems (and the whole 
patch ,r) belong thus to this species. 

The principle of the second method is that, in a series of specimens which 
certainly belong to the same species, the identification of all the specimens 
is possible if one of them gives a decisive figure—even if the figures of all 
others are not decisive. 

The THIRD METHOD is applicable if 07ie specimen affords opportunity of 
measuring a given character two or several times. 

In the above example of application of the first method we limited ourselves 
to the measurements of the longest leaf of the fertile stem x which we wanted 
to identify ; but we may go further, and take all the leaves of the tenth 
interval of x (§ 12, Eemark IT.). The number of those leaves depends, of 
'Course, on the total number of leaves of the stem, as one sees in Table XIII. A. 

^ If we had taken at iirst the breadth, one figure would have been sufficient, 
t It is, of course, necessary to ascertain that the patch is homogeneous. 
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Application of the third method is possible when the total number of leaves 
is greater than ten. 


Table XIII, A, 

Number of leaves in the tenth interval. (See the method of 
calculation in § 6.) 


Total number of leaves 
(from the lowest leaf 
to the longest one). 

Less than 11. 


11-20 


Number of leaves 
in the tenth interval. 

1 

2 


21 -BO 


a 


aL40 . 4 

41-60 . 6 


etc. 


etc. 


Example : The breadth of the leaves in the tenth interval h Aariable— 

In Mnium orihorrhynrhum between 0*30 and 1*03 mm. 

In Mnium serratum „ 0*t59 „ 1*31 „ 

We want to discover to which of the two species belongs a stem x. 
The number of leaves is 19; in the tenth interval we find thus two leaves. 
The figures of those leaves are : 

Breadth : longe^t leaf. 1*02 mm. 

„ leaf below the loupeat one. 1*26 „ 


The figure of the longest leaf is dubious, but the second figure (l‘2(i) is 
decisive : x belongs fo the species serratum*. 


§ 17, Practical use of the limit values (continued).—I give in 
Part V. a certain number of tables of identification, in which are found 
the lowest and tlie liigliest value of the fourteen measured characters 
for the ten species of Mniiim I have studied. The figures were obtained 
for each species by the measurement of specimens from as many localities 
as possible. 

Let us try to identify a specimen x belonging to one of the ten mentioned 
species. 

^ It is possible to apply the third method to the identification of animaL—for instance, 
of Beetles, A considerable difference mB> exist between the nght and the left side ot one 
^cimen with reference to certain characters; it may happen that a certain tigure is 
dubious at one side, the corresponding figure at the other side of the same specimen being 
decisive. 
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Fibbt hbthoo : IdenUScation of fertile stem The figured aro t 


Longest leaf: (a) length . 4^ mia» 

„ „ (A) breadtl)... L78 „ 

f, I, (c) breadth at the base.. 0*82 n 

„ (d) breadth of the cells at the place of the 

greatest breadth ... 19 g. 

ff „ (f) nttmber of cells at the place of the greatest 

breadth. 88 

i> w (/) breadth of the border at the place of the 

greatest breadth. 87 g. 

» ft (y) number of cells of the border at the place 

of the greatest breadth . 6 

,f „ (A) number of marginal teeth . 41 

ff (t) number of double teeth at the margin ... 0 

„ „ (j) teeth on the nerve at the back of the 

leaf. 0 

! the nerve reaches 
the summit 
of the leaf. 

„ (i) tooth at the summit of the leaf. exists. 

ii". Number of leaves . 24 

3® Number of fruits . 1 

The order in which the tables may be used i^ arbitrary. We begin with 


Table XXV. (length) : the minimnm table excludes vndulatum and probably 
a^ne and hornum ; the maximum table does not exclude any species. 

Table XXVI. (breadth) ; the minimum table excludes syhglobosvm^ pum^ 
tatum^ and probably affine \ the maximum table excludes orthorrhyurlmm^ 
probably serratum, and perhaps hornum. 

Table XXVTI. (breadth of the leaves at their base): no more species are 
excluded. 

Table XXVIII. (breadth of the cells): the minimum table exclude^ suh-^ 
glohosum and punciaivm (both already excluded), and brings confirmation 
of the exclusion of affine ; no more species are excluded by the maximum 
table. 

Table XXIX. (number of cells) : no species are excluded by the minimum 
table; the maximum table brings confirmation of the exclusion of serratum^ 
excludes orthorrhynclium (already excluded), and perhaps homum. 

Table XXX. (breadth of the border) : the minimnm table excludes 
rodrafum, spinosum, and also punctatum and suhglohomm (both already 
excluded) ; no species are excluded by Ihe maximum table. 

Hitherto eight species have been excluded and a ninth species (homum) 
has been excluded three times, although not with certainty. It may be 
remarked that w© have been prudent in excluding species, allowing a wide 

* On the measurement of the character A*, see § 85. 
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margin a/’because the heal specific limits are probably not yet reached 
in this FiEST attempt of construction of minimum and maximum tables 

We may conclude that the stein x is probably cus^ndatum, perhaps 
hornuni. 

We take now 

Table XXXI. (number of cells of the border) : no more species excluded. 

Table XXXII. (number of marginal teeth) : no more species excluded. 

Table XXXIII. (number ol double teeth at the margin) : the exclusion of 
hornum is confirmed by the* minimum table. 

The stem Jii belongs thus to the species Mnium mspidatum. 

One may perhaps think that we ascribe too liigh a significance to the 
figures when we conclude, from rather small differences between the figures 
ot s[>ecimen ,r and the figures in the tables, that .r does not belong to such 
or such a •species. One must realize, once for all, that each figure in the 
table*' is a LIMIT deduced from a series of measurement'^, and has thus 
a ''ignificance quite diflPerent from that of a figure given by one specimen 
taken at random. * 

We may, moreover, identify specimen .r a second time, taking the tables 
in the reverse order and beginning with 

Table XXXVIll. (number of fruits) : the minimum table excludes 
perhaps npinomm and undulafum ; no species are excluded by the maximum 
table. 

Table XXXV11. (number ot leaves): the miuiniiim table excludes homum ; 
no spe<Mt‘s are (excluded with certainty by the maximum rable. 

Table XXXVI. (tooth at the summit of the longest leaf) excludes »////- 
glohosvm. 

Table XXXV. (length of the nerve) excludes no more specie^'. 

Table XXXIV. (teeth on the nerve at the back of the leaf) : themininiuin 
table excludes horninn (already excluded) and probably sjnnosum. No si>ecies 
are exeliiJed by the maxiin am table. 

Table XXXIII, (number of double teeth at the leaf-margin) excludes 
serratum and orthorrh/nchum^ brings* confirmation of the exclusion of spinosum 
and excludes kornum (already excluded). No species are excluded by the 
maximum table. 

Table XXXII. (number of marginal teeth) : the mininiiiin table confirms 
the exclusion of undulatum. The maximum table excludes punctatinn^ and 
also svbfflolmum and serratum (both previously excluded). 

Table XXXI. (number of cells of the border) does not exclude more 
specie''. 

* The figures in the tables are approximate enough to demonstrate the use of the 
method, but they want to be verified and corrected by more measurements Itma> be 
remembered that many used by physicists and chemists, were at the ])eginning 

only approximate. They have been corrected later on—often at the cost of long labour. 
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Tahh XXX. (breadth of the border); the minimtxrn table exeladea 
tostratum, perhaps ojfine (and ako iuhghbomm^ Bpinomm^ and punctaium 
previously excluded). 

Bight species are already excluded. The stem ^ Is thus probaby cmpi^ 
datum^ perhaps ajine. 

Table XXIX. (number of cells) does not give an answer* 

Table XXVIIL (breadth of the cells); here the minimum table is decisiye^ 
affine is excluded* 

The stem ,r belongs thus to the species Mn. cmpidatum : the first identic 
flcation is confirmed (continued § 19). 

§ 18. The quantitative DE«CEnpTiOK of one individual (bkutil- 
LONAQe) ; its value for descriptive botang atid zoology ,—The description oi one 
individual of Mnium cuspidatum given in § 17 * may be compared uith the 
well-known bertillonage^ which is the quantitative description of a person. 

A bertillonage is a combination of figures obtained by the measurement 
of a certain number of characters of a person n. As a given combination 
practically never occurs a second time, it is characteristic of the person n ; it 
enables us to differentiate n from any other human individual whatever, and 
thus to identify it. 

In a similar way the quantitative description of an animal or a vegetable 
specimen enables ns:—1®, to discover the species to which it belongs (by 
means of maximum and minimum tables) ; 2% to differentiate it from any 
other living individual of the same species or of any species whatever. 

I think it would be very useful to add to the description of a new species 
the quantitative description of a few or at least of one specimen t* By 
means of the emct information given in such a description we would be 
enabled to identify later on the described species, even if the type is 
lost. 

In innumerable cases it is possible to make a sufficient number of measure* 
ments without disturbing the specimens. I succeeded in measuring 38 
characters of thousands of specimens of Carabua mounted on needles (more 
than 250,000 measurements) practically without spoiling them, except in the 
early days when 1 had not yet had enough practice in the workj. In 
the case of the Mosses and other minute objects (small insects, Crustacea, 
flowers, etc.) one is compelled to dissect the specimens, but in case of need 

* To this description the gradation curves of the characters a-f might have been added, 
but this was useless for our purpose. 

t Measuring as many characters as possible. 

% If one wants to measure precious specimens (specimens of certain species ^f Carabm 
have a value of 10 shillings each and even more) it is advisable to practise at first by 
measuring similar, but valueless objects* 
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it is possible to keep the measured parts in permanent microscopical 
preparations, glass tubes, etc. 

§ 19. (Continued from § 17.) Practical use of the limit values.— 
Now we want to make a trial of the sbconI) method of identification by 
means of limit tables (see § 16). We take a fertile stem a belonging to a 
patch X. We measure merely three characters. The figures are :— 


Length of the longest leaf .. 6i5 mm. 

Hreadith ,, ,, ,, .. 1*1*5 

», at its base. 0*75 „ 


We begin with Table XXV. (length) : the minimum table excludes no 
species with certainly, the maximum table excludes sermtum and perhaps 
ofthorrhynch u /)i. 

Table XXVI. (breadth) : the minimum table excludes affin% punctatum^ 
svhfflohosifm^ and ijerhap*^ ro^tratum and nndvlafum; the maximum table does 
not exclude any species. 

Table XXVIL (breadth at the base): the minimum table excludes ])erhaps 
imdulaium ; the maximum table excludes pcrliaps oHhorrhyncIntm, 

By means of three measurements of stem a we were enabled to exclude 
four species :—serratumy affine^ punviatumy suhylohosuin^ and perhaps three 
more s[)ecies: rostratumy orthorrhynckumy and vinlnlafum. 

We now take a second stem h of the same ])atch .r ; the figures are :— 

Length t»f the longest leaf . 6*92 mm. 

Breadth „ .. ... 0 67 ,, 

„ „ ,, ,, at its base. 0*7*> „ 

Table XXV. (lengtlj) : no species are excluded by tlie minimum table, 
the maximum table excludes serrafum (pre\ioiusly cxclmbnl) and confirms 
the exclusion of orthorvliynchum. 

Table XXVI. (breadth): the minimum table exclude^ easpidatumyspinosum, 
dtffinf (aln'ady excluded), punefatum (id. id.), suhylohosum (id. id.), ami 
confirms the exclusion of rostratum and nndulatum. 

Nine species being excluded, it becomes use](‘ss to go fnrtlier: tlie patch x 
belongs to the species Mniuin hornum 

Example of the use of Ihnil tables aeeovdlny to the third method of 
identification : we take one stem a with 43 l(‘a\cs and measure four pro))erties 
of the 5 loaves which belong to the JOlh iiitersal (^ee Table XIII. A). The 
figures are given in Table XIV. 

♦ It may he remarked that in thi<4 example it was possible to identify the patch ,v by 
measuring merely three properties of two leases belonging to two stems, w'lthout taking into 
account any of the charactern used in the classical hooks for the identification of Mnium 
hornum. 
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Tabm XIV. 

Mnium hormmt^ Linn.—One stein with 43 leaves. 
Characters. Particulars of the leases an the lOtU interval. 


Breadth, leaves.. 

.... 1-31 

1*24 

1-38 

0*87 


„ base leaves . .. 

.. 0-71 

0 76 

0-76 

0-66 

075 

Marginal teeth ... .. 

63 

62 

58 

40 

60 

Teeth nerve . 

.... 7 

9 

0 

6 

/*. 

/ 


Table XXVT. (breadth), minimum : by means of the lowest figure of x in 
Table XIV. (0*87) we exclude spinomm^ undulatum^ rosfrahim, afline^ punc- 
tatvm^ and mhglobosum. Using the maximum table, we exclude orthorrhyn- 
chum bv means of the highest figure of w (1'38). 

Table XXXII. (marginal teeth), minimum : by means of the lowest value 
of X (46) we exclude undulatum^ previously excluded. The maximum table 
enables us to exclude bj'' means of the highest value of .r ((50) ; pinictatum^ 
subglohosvm, and orthorrhynchum (previously excluded), and also serraftnn. 

The stem x thus belongs to horimm or cusptdafum. 

Table XXXTV. (teeth on the nerve) : cuspidatum is excluded by the 
maximum table. The stem x thus belongs to the species Mnium hornum, 

§ 20. Remarks on the use op numbers for the identification of 
specimens. —For the identification of specimens we have three methods at 
our disposal, each of them allowing verification of the result given by the 
others. 

Each of the three methods affords a rather wide range of possibilities. 

Applying the first method (with one leaf of one stem, see § 17) we may 
very often use the limit-tables in two ways, starting from the fir'^t or from 
the last table: thi's allows verification (see the example in § 17). Moreover, 
it is possible to measure a greater number of propertie^^, for iustiiico (taking 
the Acrocaipic Mosses as an example) ; the length of the so-called 
some properties ot the teeth of the peristome, the dimensions ol tin* ripe 
spores. A section of a fertile stem {exadly in the transverse direction) 
at the insertion of the longest leaf would furnish some more mea^umhle 
properties. Of course, the piMctical value of the method will increase in 
proportion as the number of the measured properties becomes gr<‘titor*. 

Using the second method (see § 19) we may take more than two speci¬ 
mens and, iji case of need, verify the result as many times as is afforded by 
the material at our disposal. 

* I have measured 38 characierd of Carahus, In this paper 1 limit mysolf to 14 characters 
of Mnium, because 1 want to avoid too long a delay in the publication of a first paper on the 
results ol the work with which 1 have been occupied for many jearn. 
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The second and the third method will be useful, especially in those cases in 
which it is impossible to measure a great number of characters (for instance, 
in many Fungi, Algse, and lower animals). 

Finally, the three methods may be used at the same time. 

For more than a century innumerable species have been described in 
several instances under different names, because the available descriptions 
did not allow an exact identification. The result has been an enormous 
waste of time and a [>rejiidioial disorder in the synonymy. We are still 
going on in the same way, and it is to be feared that in the future more 
labour will bo wasted and more disorder will arise. 

Would it be too mncli to hope that the state of things will be improved by 
the exact measurement of (diaractcrs and the constru(‘tion of limit-tables ? 


PART 111. 

Tiik Measi kfmfnt of the (^harac’Iers of the Leaves in the 
Gfni s Mmvm, 

§ 21. Exact mevspremknts. erhob. —The exact expression by 

measurement of the charaetei^ of a livimr being is only possible it each 
character is s{v\Q\\y determuud. When we want to measure, for iintmce, 
the length of the leaves of a certain plant, we must know exaetl}^ which 
leaves are to be measured, and we must doterinine the ’^igiiiticance which we 
ascribe to the w’ord length and e\en to the woid leaf, 

Theie is something elusi^e in the ^ariatioii ot animals and plants. This 
variation is so great that one might he tempted to content himself with 
more or less approximate mea'^urements. This would he a grievous mistake, 
by which the Ufte of the (juantiiatne method might be seriously endangered. 
As soon as we uso the quantiiative method w^e discover how many of our 
notions are rather supeificial ; and, as we proceed, w^o become more and 
more aw^aro of the neeessit\ of reaching the highest possible degree of 
exactitude. Errors are unavoidable, but oven the Vunits of error ought to he 
us much as possible determined. 

In order to obtain an estimate of the possible errois, I measure a given 
character p of an object several times ; alter a few days 1 repeat the same 
measurement wdili the same object several times. The difference hetw^ecn 
the highest and the lowest figure di\ided by 2 is the possible (positive or 
negative) error with reference to the character p. 

All the figures given in this paper were verified at least by a second 
measurement. 
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tt may he veoommendei to the biologist who waots to a|>ply the 
iative method to exercise himself, by measuring some exactly known 
properties of inorganic objects \ 

In the present Part I give the definition of all the oharacters I have 
measured, the methods of measurement, and the possible error of the figures 
obtained* 

Sr.B,—In all the calculations the decimal 0*5 has been taken as 1*. 
{Emmple : 37*5 is brought into account as 38.) 

§ 22* Fjebtile stem.— -I call fertile stem a stem which bears a ripe or 
almost ripe fruit, or at least a fruit sufficiently advanced in its development 
to make it certain that the leaves, even those which are inserted near the 
summit, are adult. Here there is no difficulty. 

§ 23, Definition oftUe wohd ‘‘leaf.’* Number of leaves.— The lowest 
phyllomes of a fertile stem often differ in their facies from the true leaves 
which are inserted higher up : therefore they are sometimes called scales 
(for instance, in M. hornum). As a gradual transition exists between scales 
and leaves, it is impossible to find a strict limit between both : therefore I 
call them all leaves f. 

On the other hand, near the summit of the stem, we find almost always 
some phyllomes which constitute a sort of perianth. Sometimes there is a 
distinct breach of continuity in the gradation hotween the upper leaf and the 
first phyllome of the perianth, the latter being, for instance, much smaller 
than the former : in such cases, no doubt exists about the limit between the 
true loaves and the perianth. But ordinarily the gradation between both is 
continuous, and we must come to an agreement as to where the limit is to 
be made. 

Proceeding towards the summit (and neglecting the lowest leaves) we 
find : 1®, a certain number of leaves which belong (according to the species) 
to the forms represented in fig. 4, 2^ S (in 1 the breadth increases from 

the base b to B, and decreases further to the summit of the leaf; in $ the 
breadth increases from b to B' and is constant between B' and B : in 5 the 
breadth is constant between b and B) ; 2% approaching the suujmit we very 
often find the form 4 (narrowed betw^een i and B) ; 3% near the summit we 
find ordinarily phyllomes, the breadth of which is decreasing continuously 
from b to the summit without constriction. I give the name of leaves to the 

♦ For iastance; the angles of a ci^stal, the density of a substance, the boiling-point of 
a liquid, etc. 

f The differences and also the transition between scales and leaves find their accurate 
expression in the successive figures of the gradation curves (for instance, with reference to 
length, breadth, number of teeth, dimensions of the cells, etc.). 
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forms •#, S, 3, 4 ., Axclading form . 5 , wliich 1 consider as belonging to the 
perianth *. 



FiO. 4.— l-4f leR\e'^; 5, perianth ; base. See text. 


In a fertile stein several leaver near the bjise are usually destroyed. There¬ 
fore the number of leaves given in Table XXXVII, (page 56) includes 
merely the loaves w/il(*/i are still in existence when the fruit i.s ripe or half 
ripe. This error is unavoidalile ; it dues not prevent th« specific figures from 
being comparable wdth each other. 

The lowest leaves being often concealed among the hairs with which the 
lowest part of the .'stem is clothed, they are io be searched for under the 
simple microscope, the hairs b(‘ing carefully remo\ed by means of needles. 
As this is a rather delicate tusk, owing lo the ^mall dimensions of those 
leaves, it ma} liappen that some of them are o^erlooke(l• The figures given 
in Table XXXVII. are therefore a little below' the i<‘ality. I estimate the 
possible error at 3 for tlie species with Mualler figures {pun^tatum^ etc.) and 
at C for the sjiocios with ver}^ iiuinerou!> leaver {nndnlntntu, etc.). 

Some fertil<» stems show’ distinctly two succesf^lre |)eriods of gradation f : 

* It laiiy be allowed to inulve a inoiueiitai} excuisioii into n In-pHth. The breadth of a 
moss-phyllome varies along an axis of grddation, the directiini of which ib given by the 
nerve, The margin of the phylloine is, on each bid<* of it, a vurte of the gradatim of the 
breadth dmirn by nature itself. F'oinpanuji the pliUlmnes in ti^. -I. w'e see that in leaf 1 the 
summit l> of the our\e is situated between the ba>e and the suinmit of the leaf; in the 
leaves the breadth is iuMiriable from b to 11 (or IT to II), and decreases further towards 
the summit; in phyllome 5 the summit of the cur^e corre«*poiids to the base ; in leaf ^ we 
find two .summit'^ b and 15. 

As the development of a phyllome is basipetal, its buccesbiv<* parts fiom the summit to the 
base have been developed suece'^snel}, in a similar wii> as the leaves along the •stem 
(although in re\erse order). We may thus m} that in the pin Homes 2^ S, and 5 one 
period of gradation exists, and in leaf 4 two periods are obser\ed. 

The variation of the gradation curves in fig. 4 recalls the variation of the curves in 
Table IX. (page 16). Bee § ]L\ second paragraph. 

t This occurs rather fteqiientlyin ceitaiii species*, foi instance, iV/nww? suhylohostm and 
p^nctatum. It is the ordinary lule in Cinclidium stygiuniy Sw. 
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thd period^ including i;he leaves of the lower part of the stem^ is suddenly 
interrupted at a certain level, and followed by a second period which hegine 
with very small leaves and goes on regularly to the summit. The limit 
between both periods is distinctly indictited by a breach of continuity in the 
gradation of the length of the successive leaves. 

When two periods exist, only the sboond pebiop (which ends at the 
snmmit of the stem) is taken into account. 

§24. Preparation or the leaves* —Herbarium specimens and alcohol 
material, having been placed in hot water for a few minutes, may be used as 
well as fresh objects. All the leaves are separated from the stem, proceeding 
from the base towards the summit, under the simple microscope, by means 
of a scalpel* The leaves are placed in their order of succession (their back 
upward) on slides, in a very small quantity of water (just enough to prevent 
desiccation). They are then covered, the underside of ea h cover-glass 
being moistened with diluted glycerine. ♦If a leaf is brought at once in 
(even diluted) glycerine, it may curl up before it is possible to place the 
oover-glass over it. 

§ 25. Length of the leaf. —At the base of a leaf separated from the stem 
one finds easily a more or less irregular curved line c, corresponding to the 

upper limit of the surface of insertion of the 
leaf. I take as inferior limit of the leaf the 
point ij which is in the centre of the surface 
limited by the curve c and the transversal 
straight lino W/, the latter being the span of 
the arch c. 

Following the nerve, I measure under the 
microscope the length of the leaf from the 
extreme summit to i. As it is imposrible to 
use a high power according to the dimen¬ 
sions of the object (I used obj. 3 Leitss), and 
as the position of i is not strictly determin¬ 
able, a positive or negative error of 30 
(0'03 mm.) is possible. 

§ 26. Breadth of the leaf. Place of the greatest breadth. —In 
almost all the leaves the place of the greatest breadth is easily found, the 
forms represented in fig. 4, 1 and 4 (pag© 33), being the commonest. In 
some leaves the greatest breadth extends over a certain length, the margins 
being parallel (fig. 4, S) : here we agree to take the upper limit of the 
parallel portion (indicated by B in fig. 4, S) as the place of the greatest 
breadth. Among the lowest leaves a form similar to fig. 4, 5, sometimes 



Fig. 6.—Lower part of a leaf 
separated &om tlie stem. 
See text, n, nerve. 
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occats t hero the base is the broadest part of the leaf. I have considered the 
breadth of such leaves (which are rare) as unmeasurable. 

Sometimes the differentiated border of the leaf is recurved (this happens 
often in M, hornum). Here I measure first the visible breadth h (with¬ 
out taking the recurved j>arts into account) ; then the recurved parts are 
measured separately and their breadth is added to 6. 

I estimate the possible + or — error in the measurement of the breadth 
at 20 (0*02 mm,). 

§ 27. Beeadth at the base, —^This property is measured in the direction 
of a transverse line passing through the point i mentioned in § 25 (see fig. 5, 
p. 34). If the margin is recurved, I use the method described in § 26. As 
the margins at the base of the leaf are often oblique, a small error in the 
estimation of the position of i may bring about a sensible error in the 
measurement of the character under consideration. Therefore the possible 
positive or negative error is proportionally great: I estimate it at 30 /a 
( 0*03 mm.). 

§ 26. Nuhbeu of cells at the place of the geeatest breadth. —The 
place of the greatest breadth being determined (see § 26), I count the cells 
in the transversal direction, separately in the right and the left half of the 
leaf. I exclude;—I”, the nerve; 2% the elongated cells of the differentiated 
border, except the interior one which is taken into account*. In each half 
of the leaf I count the colls four times (proceeding twice from the nerve to 
the margin and twice in the reverse sense) and take the mean value of the 
four figures. Ordinarily these figiues differ from each other by one or two 
units. If the differences are greater f, I go on, counting two or four times 
more. The sum of the mean values of the two halves is the figure of the 
leaf. 

I estimate the possible positive or negative error at tw^o cells. This 
estimation is rather too high .when the cells are not very numerous (see 
for instanee, the minimal values of serraium and orthovrhynehum in 
Table XXIX,). 

§ 29. Breadth of the cells at the place of the greatest breadth.— 
As the form and the s'ne of the cells are very variable, even in one leaf, it is 
practically impossible to obtain useful information about their dimensions 
by measuring them separately. I have tried to surmount this difiiculty by 
determining the mean dimension of the cellb in the transverse direction 
(in other words, their average hreadth) at the place of the greatest breadth of 
ihe leaf. 

♦ If tke differentiated border consists of one cell (a single row of cells) this is excluded, 
t If the figures are, for instance, 22, —23, -25, —26 (a rather unsatisfactory result). 

D 2 
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Saving sabiraoied fcfae breadth of the nerve and the breadth of the tW 0 
dffierentiated borders (see § 31) from the total breadth of the leaf, I divide 
the rest by the number of cells (see § 28): the quotient is the mean breadth 
of the cells. 

It is very difficult to measure exactly the breadth of the nerve, its lateral 
limits being rather indistinct. The error, being divided by the number of 
cells, can be neglected. 

I estimate the possible positive or negative error in the value of the mean 
breadth at 0*5 fi. If the number of cells is small (for instance, 25) the error 
may reach 1 fi (maximum) *. 

The method here described gives very regular results, and is applicable 
(vrith the necessary changes) to the measurement of cells, fibres, etc., in 
numerous objects. 

§ 30. Number of cells of the border at the place of the greatest 
BREADTH. — III the 10 <»pecies of Mnium which t have studied (and in many 
other Mosses) we find along the margin of the leaves one or several rows 
of cells which constitute the so-called horder. The border-cells are differ¬ 
entiated from the neighbouring cells of the leaf by two properties :— 
1°, they are distinctly elongated, often several times longer than broad, 
whilst the neighbouring cells are about isodiametrioal ; 2^ their cell-walls 
are thickened. 

These two characters, however, seem to be to a certain degree independent 
of each other, the differentiation being sometimes limited to one of the two. 
We find, for instance (often in the lowest leaves), border-cells which aie 
distinctly elongated, their walls being hardly or not thickened, and othoi 
border-cells which are hardly longer than broad, but the cell-w^alls of which 
are thickened. I consider as belonging to the bolder the cells which are 
differentiated at least by one of both properties. At the inner limit ot 
the border we often find cells (fig. 6, e) which are elongated but not 
thickened. Such cells are taken into account in counting the cells of the 
border. 

As the number of border-cells is variable along the nmigin, I number the 
cells three times in each leaf at each side; 1% at the place of the greatest 
breadth ; 2®, about 50 to 100 /a (according to the dimension of the leat) 
above this place ; 3®, the same below the mentioned place. I take the 
highest of the three figures. The hvo maxima (right and left border) are 

^ I want to call attention once more to the usefulness of strict conventions. Instead of 
sayinf?, for instance, “in Mnium sp. the diameter of the cells of the leaves is about 20 
I say, ‘*in Mnium sp. at the place of the greatest breadth of the longest leaf of a fertile 
stem the mean breadth ot the cells varies between 17 and 24 ft,’’ and J add the possible 
error. One might say that the disconcerting variation of the character under consideratioa 
has been caught and contined between two constants. 
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ladded : their sum is the figure of the leaf, 
tooth are excluded (fig, 6, n). 

Emmple : In fig. 6,1 number 8 cells 
at a, 4 cells at 4 cells at c (in¬ 
cluding e\ 2 cells at d. I take the 
maximum: 4 colls. 

There is no difficulty if the border 
contains one layer of cells (fig. 6). If 
the border-cells are placed in two (or 
more ? ) superposed layers, the cells are 
numbered as they are seen in the optical 
section : here an error of one cell is 
possible, and this may occur in the 
same sense at both sides of the leaf. 

I estimate the possible positive or 
negative error of the figure of the 
leaf at 2 cells (1 cell if the cells are 
not numerous) *. 


§ 31. Breadth of the border.— 
This char.icter also is very variable along 
the margin. I measure the breadth at 
three places (sunie method as tor the 
number of cells, § 30) and take the 
mean value of tlie three measurements. 
The sum of the two mean values (right 
and left border of the leaf) is the figure 
of the leaf. 1 always exclude the in¬ 
terior border-cell, but 1 include the 
exterior wall of this cell in the measure¬ 
ment .—Example (fig. 6) : Measuring 
the breadth of the l>order at a, 1 take 
the two exterior cells, including the 
wall between the 2nd and the 3rd cell: 


Places immediately below a 



Fig. 6.—Border of a leaf—B, place of 
the greatest breadth of the leaf, 
tooth ; rt, r, <?, w, see § 30. 


measuring at B I take three cells, excluding e and including the exterior 
wall of e ; measuring at d I take the exterior cell and the interior wall of 
this. 1 calculate the mean value of the measurements a, />, c, and add this 
to the mean value of the other side of the leaf. 1 have used obj. 6 Leitz. 

I estimate the possible positive or negative error of the figure of a leaf 
at 5 


• If the border is recurved, it is, of course, impossible to count the border-cells without 
making sections 
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§ 3S)* Numbkb of MABaiKAi;< TMWtU.^Nc explanation is needed ii all ^0 
teeth are simple. If certain teeth are in groups of 2 (ereu ol 3) each group 
is brought into account as 1. Teeth which are situated below the base of the 
leaf (see i in fig. 5, page 34) are excluded 
It is sometimes difficult to say Whether a given marginal cell ought to be 
considered as a tooth or not. I consider as a tooth each marginal celh the 
distal extremity of which projects beyond the margin by at least one«*hal£ of 
its breadth (see fig. 7). 



Fro, 7.—Budimentaiy teeth, m, margin; a and are considered as teeth, 
c is not taken into account as a tooth. 

The figure of a leaf is the total number of teeth at the right and the left 
margin. 

I estimate the possible positive or negative error at 1 tooth, if all the 
teeth are simple. If double or triple teeth exist, the error may reach 3. 

§ 33. Number of double (or triple) marginal teeth. —In several species 
double or even triple teeth exist. These are counted separately. Each 
group (of 2 or 3 teeth) is taken into account as 1 unit. Figure ot the leaf 
noted as in § 32. Possible positive or negative error, 2. 

§ 34. Teeth on the nerve at the back of the leaf. —Careful obser¬ 
vation is needed for the counting of these teeth. A group ot 2 teeth 
(situated at the same level—this rarely occurs) is brought into account as 
1 unit. Error : the observed number may be too small by 1 unit; a positive 
error is almost impossible. 

§ 35. Length of the midrib (reaching the summit or not ),—The length of 
the nerve is very variable. A measurement of this length is difficult, because 

* Such teeth occur in certam decurrent leaves; for instance, in some leaves of Afmam 
UfidukAum, 
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it is often practically impossible to determine the distal limit of the nerve. 
Therefore I admit three degrees : 1% the midrib is short and does not reach 
the summit (fig. 8, ^) ; 2% there is a trace of relation between the extremity 
of the nerve and the summit (fig. 8, ; 3®, the nerve undoubtedly reaches 

the summit (fig. 8, s). 

There is no hesitation possible about 1® and 3*^. In the 2nd form (inter* 
inediate between 1® and 3®) it is sometimes difiicult to come to a decision. 
T bring under 1® (nerve ceasing below the summit; abbreviation —) a leaf in 
which there is at least one ordinary (isodiametric) cell above the extremity 
of the nerve (in fig. 8, there are two such cells). 



Fig. 8.—Relation between the nerve and the summit of the leaf, n, nerve. 

See text. 


About the summit of the leaf the two differentiated borders meet each 
other, and wc find a greater or smaller niimbei of differentiated cells. If 
the nerve reaches those cells, I bring the leaf under 3® (abbreviation +. 
Fig. 8, S : the nerve often reaches further than in this figure). If the 
extremity of the nerve is connected with those diflTerentiated cells by one or 
more distinctly elongated colls, which constitute a sort of bridge among the 
ordinary isodiametric cells, I bring the leaf under 2® (fig. 8, Trace of 
relation; abbreviation ±), 

In some oases the decision is rather arbitrary, because the structure near 
the summit is sometimes indistinct. 


§ 36. Tooth at the summit of the leaf. —No explanation is needed 
about this character. (Tooth existing, abbreviation + ; tooth not existing, 
abbreviation —.) 

§ 37. Number or fruits.-— See the explanation in Table XXXVIII. 
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PABt IV* 

Oesobiptivb Tables of Tm Spbcxes of tuM &bncjs Mmum * 

§ 3iJ —In the present part I give the quantitative description of ten British 
species of the genus Mnium For two species {orthorrhynchum^ spinosum) 
which are rarely found m fruit in these Islands, it has been impossible to 
obtain tei tile British specimens ; therefore I examined specimens from the 
continent, which were kindly given to me by Mr. H. N* Dixon, FX.S. 

The description of each species includes two Tables, viz.; 

I*. A Table A, in which I give the mimmum and maximum values of twelve 
characters of the leaves in the iOth interoal (see §6; § 16, Table XIII. A) 
oj the fertile stem^ and of two more characters (total number of leaves of the 
fertile stem and number ot fruits). The limits are obtained by the measure¬ 
ment of specimens from a*) many localities as possible. 

Many of the given limits are merely approximate and are very likely to 
be ooirected by further measurements. I hope, however, that corrections 
will be rather unimportant, except perhaps for three rare species (affine^ 
orthorrhynchum, spinosum), material of which could not be obtained in 
sufficient quantity. As they are, the Tables may give an adequate idea of 
the method. 

2®. A Table B, in which 1 give the gradation curves of the twelve 
diameters of the leaves. For each species the figures in the ten intervals 
were obtained from specimens of one patch, the curves being mean interval 
curves (see § 7). Therefore the figures have not the significance of exact 
specific figures. Gradation is, indeed, in a certain degree, variable from one 
patch to another. A complete study of this variation would go beyond the 
limits of this paper. As was remarked in § 8, the relative values of the 
ordinates of a gradation curve are more important than the absolute values. 
I prefer, however, to give the absolute values, by means of which the relative 
values (percentage curves) may be easily calculated (§ 8)—whilst it is 
impossible to calculate the absolute values by means of percentage curves. 

On the definition and the measurement of the characters, see Part III. 

Abbhbviations : V. Length of the midrib (see § 35) : 

(а) Midrib short (ceasing below the summit of the leaf); —. 

(б) Nerve longer (a trace of connection between nerve and summit) : ± • 
(c) Nerve as long as possible (reaching the summit of the leaf) i +. 

5*^. l^ooth at the summit of the leaf ; 

{a) Tooth present: +. 

(i) Tooth absent; —. 

* The same method is applicable to other Acrocarpic Moese<t. 
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Table XV, 

Description of Mnium affine, Bland. 

A. —Specific limits of variation. 

[Cheshire, 3 stems; e Vogoso superior©, 2 stems.] As the number of 
specimens is so small, the figures in this Table are merely given for com¬ 
parison with further measurements. According to Messrs. H. N. Dixon 
and fl. G, Jameson (‘British Mosses/ 2nd ed. p. 379), this species 
varies very greatly. There were no noticeable differences between the 
specimens from the i wo mentioned localities. 

1. Length of the leaves: o-44‘'8‘.*U mm. 

2. Breadth of the leaves: 2*20-4*08 mm. 

„ „ „ at their base: 0*70-1*16 mm. 

4. „ „ cells: 80-43 it, 

5. Number of cells: 50-98. 

6. Breadth of the border; 47-92 ft, 

7. Number of cells of the border: 5-10. 

8. „ marginal teeth : 42-106. 

9. „ double marginal teeth : 0. 

10. „ teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve : ? (indistinct). 

12. Tooth at the summit of the leaves : always existing. 

13. Number of leaves: 24-29. 

14. „ fruits: 1-4. 

B. —Gradation of the characters. 

[One pa tell: Tatton Park, Cheshire, 3 stems.] 


Mean interval curves. 

Intervals: 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

Length leaves (mm.). 2*02 3*20 3*83 3*86 4 14 3*87 4*47 4*44 5*51 6*38 

Breadth leaves (mm.) .... 1*67 2*61 2*90 2*58 2*64 2*45 2*01 2*58 3*03 2*93 

„ base (mm.). 1-04 1*12 1*24 1*16 1*10 M3 1-06 0*92 0*86 0*89 

„ cells (/k) . 34 37 35 33 32 31 32 31 35 38 

Number ceUs. 53 67 79 74 76 75 75 77 81 72 

Breadth border (/i) . 69 68 71 68 76 73 77 78 72 67 

Cells border . 9 9 9 9 9 8*5 8*6 8*6 7*2 7*1 

Marginal teeth. 5 33 56 58 61 65 68 ? 73 62 

Double marginal teeth.... 0 0,0 0 0 0 0 0 0 0 

Teeth nerve . 0 0 0 0 0 0 0 0 0 0 

Length nerve. P — 

Tooth summit . 4 - 4- 4- d- 4 - 4* + + -f + 
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Table XVI. 

Description of Mnium cuipidatum^ Hedw. 

A,—Specific limits of yariation. 

[Great Britain : Borrowdale, Harleyford (Bucks), Wiiidermere.~ 
Europe: Helsingfors.—Canada: Ottawa.] 

1. Length of the leares: 8*7S-7*44 mm. 

2. Breadth of the leaves: I*18<-8'26 mm. 

8. ,, „ i» at their base: 0*62>1‘26 mm. 

4. „ „ cells: 17-22 M- 

5. Number of cells: 56-146. 

6. Breadth of the border: 35-89 

7. Number of cells of the border: 6-9. 

8. „ marginal teeth: 18-77. 

9. double marginal teeth: 0. 

10. ,t teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve: the nerve always reaches the summit of the leaf. 

12. Tooth at the summit of the leaves: always existing. 

18. Number of leaves: 11-26. 

14. ,, fruits; 1-2. 


B.—Gradation of the characters. 
[One patch : Borrowdale, 10 stems.] 


Mean interval curves. 

Intervals; 1. 2. 3. 4. 6. 6. 7. 8. 9, 10. 

Length leaves (mm.). 1*81 r85 2 27 2*66 2 92 8*20 3*61 S’86 4*21 4*41 

Breadth leaves (mm.) .... 1*08 1-44 1*66 1*79 1*80 1*85 1*91 1*88 1*80 1*66 

„ base (mm.). 0*81 0*96 3*00 1*01 3*00 0*96 0*95 0*88 0*80 0*76 

„ cells (fi) . 17 18 19 20 20 20 20 20 19 19 

Number cells. 68 72 81 81 85 86 88 88 86 

Breadth border (^) . 67 72 76 79 79 80 78 70 62 

Cells border. 9*4 10*0 10*8 10-8 10*1 9*8 9*6 8*9 8*4 7*7 

Marginal teeth. 16 26 32 86 36 41 41 41 40 38 

Double marginal teeth ....0 0 0 0 0 0 0 0 0 0 

Teeth nerve . 0 0 0 0 0 0 0 0 0 0 

Length nerve. — i— +- 4-— ++ + 4 4 4* 

Tooth summit. 4 4 + 4 4 4 + 4 + 4 


s s 
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Table XVII* 

Description of Mnium homum^ Linn. 

A.—Specific limits of variation. 

[6 localities in Great Britain.] 

1. Length of the leaves: 6*17-8*06 mm# 

2. Breadth of the leaves: 0*64-1 *46 mm. 

3. ,, ,, ,, at their base: 0*56-0*98 mm. 

4. ij „ cells: 14-20^. 

6. Number of cells; .*14-73. 

6. Breadth of the boi*der of the leaves (often recurved): ?. 

7. Number of cells of the border (often recurved, see 5 30): K. 

8. „ marginal teeth : 40-84. 

9. ,, double (and triple) marginal teeth: 34-61. 

10. Teeth on the nerve at the back of the leaf: 4-9. 

11. Length of the nerve: nerve reaching the summit (-f), ceasing below the summit 

( —), or intermediate form (+). 

12. Tooth at the summit of the leaf: always existing. 

18. Number of leaves: 46-64 (perhaps more, as many as 80 ?—See § 23). 

14. y, fruits: always 1. 


B.—(Iratlation of the characters, 

[One patch : l)iing,e<m Ghyll, Lake District, 8 stems.] 


Mean interval curve.^. 

Intervals: 1. 2. 3, 4. 5. G. 7. 8. 9. 10. 

Length leaves (mm.). 2*00 2*51 2*90 3*28 3*75 4*.23 4*66 5*24 6*01 6*79 

Breadth leaves (mm.) .... 0*53 0*63 0-74 0*91 Ml 1*26 1*32 1*41 1*43 1*18 

„ base (mm.). 0*50 0*57 0*61 0*68 0*74 0*76 0*77 0*81 0*85 0*84 

„ cellM/e^) . 12 13 14 16 16 17 17 17 18 18 

Number cells. 35 39 W 52 00 (>0 69 72 72 58 

Breadth border . P .. . 

Cells border... P 

Marginal teeth . 1*5 3 10 23 35 42 49 55 59 67 

Double mai*ginal teeth ... 0*1 1*3 4 13 23 isO 36 41 43 48 

Teeth nerve... *. 0 0 0 0*7 1*9 3*4 4*9 6*4 7*6 9 

Length nerve • . — +— - — — -h—4* — 

Tooth summit. + -l- -f4‘-f--l“ + + 4‘4*J 


^ In the intervals 1-8 all the leaves were —, except: 1®, in each of the intervals 2, 7, 8, 
one leaf +; 2®, in interval 6, one leaf ±. 
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TABtB XYIII. 

Description of Mnium orthm'Kymhum^ Braob, Sohimp* & Gnemb. 

A.—Specific limits of variation* 

[Boulder, Engstligan Falls, Adelboden (Switzerland).—N* Dixon dedit.] 

1. Length of the leaves: 8*00-5*41 mm. 

% Breadth of the leaves: 0*80-1*08 mm. 

8. „ „ „ at their base: 0*81-0*66 mm. 

4. „ „ cells: 12-16/i. 

6. Number of cells: 21-62. 

6. Breadth of the border i 28-46 

7. Number of cells of the border: 8-7. 

6. „ marginal teeth: 22-88. 

9. „ double marginal teeth: 12-81. 

10. ,1 teeth on the nerve at the back of the leaves: 0-1}. 

11. Length of the nerve: in 48 leaves 1 found the nerve reaching the summit; in 2 leaves 

merely a trace of connection between nerve and summit. 

12. Tooth at the summit of the leaves: always existing. 

18. Number of leaves: 26-61. 

14. „ fruits: always 1. 


B,—Gradation of the characters. 
[One patch : Adelboden, 8 stems.] 
Mean interval curves. 


Intervals: 

1. 

2. 

3. 

4. 

0. 

6. 

7. 

8. 

9. 

10. 

Length leaves (mm.). 

0*70 

0*99 

12.1 

1*41 

1-69 

2*00 

2*84 

2*9} 

8*19 

8-96 

Breadth leaves (mm.) ,,., 

0*86 

0*42 

0*60 

0*66 

0*66 

0*84 

0*93 

0*93 

0*88 

0*64 

„ base (mm.). 

0*81 

0*84 

0*86 

0*88 

0-41 

0-48 

0*49 

0*47 

0*42 

0*40 

„ cells (ft) . 

11 

11 

12 

12 

18 

14 

14 

14 

14 

18 

Number cells. 

28 

82 

87 

40 

46 

68 

00 

60 

62 

42 

Breadth border (/a). 

24 

27 

28 

28 

28 

81 

88 

84 

86 

33 

Cells border. 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Marginal teeth . 

1 

2 

6 

7 

10 

16 

21 

26 

26 

29 

Double marginal teeth .... 

0 

0*4 

1*8 

3 

6 

10 

18 

IS 

19 

20 

Teeth nerve. 

0 

0 

0 

0 

0*2 

0*6 

1 

2 

8 

4 

Length nerve ... .. 


±- 

4— 

•f- 

±- 

•f± 

-f- 

4*- 

f± 

+ 

Tooth summit. 

+ 

+ 

+ 

4* 

+ 

+ 

-f 

+ 

4 

+' 
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Table XIX. 

Description of Mnium punctatum, Linn. 

A. —Specific limits of variation. 

[Seven localities in Great Britain.—Island Griisen (Sweden).] 

1. Length uf the leaves: 4’35-9*21 mm. 

2. Breadth of the leaves: 2‘71-0*48 mm. 

„ „ „ at their base: 0‘44~0*82 mm. 

4. „ „ cells: 86-66 M. 

6. Number of cells: 61-111. 

6. Breadth of the border: 82-195 /i. 

7. Number of cells of the border: 8-11. 

8. y, marginal teeth: 0. 

9. „ double marginal teeth ; 0. 

10. „ teeth on the nerv e at the back of the leaves : 0. 

11. Length of tlie nerve ; the nerve reaches the summit in the great majority of the cases. 

It alwRvs roaches the summit in the second leaf above the longest one and higher 
upwards. 

12. Tooth at the summit of the leaves: a tooth is almost always existing. It always 

exists in tlie second leaf abo\e the longe'^t one and higher upwards. 

13. Number of leaver: 7-19. 

14. ,, fruits; 1-2, 

B. —Gradation of the cliiiracter^. 

[One patch : Llanberis to Bangor, 11 bteuis.] 


Interval^: 1. 2. 3. 4. 6. 6. 7. 8^ 9. iQ, 

Length leaves (mm.). 2’10 2*66 3-63 3*03 4*69 4'98 6*73 ()17 0*99 7*19 

Breadth leaves (mm.) - 1’68 1 98 2*93 317 3*33 3’69 3*77 3 (*>4 4*08 4 02 

,, base (mm.) . 0 68 0*03 0'(>4 0*()4 0 64 0*62 0*64 0 62 0 60 0*67 

„ cells (ft) . 89 40 60 46 46 47 46 42 45 46 

Number cells. 38 38 62 (>6 70 71 80 82 88 86 

Breadth bolder (m). 8H 90 111 117 124 120 129 118 128 133 

Cells border . 6*2 7-1 8*6 8*8 9*3 9*0 9*6 10 9*6 9*6 

Marginal teeth . 0 0 0 0 0 o 0 0 0 0 

Double marginal teeth .... 0 0 0 0 0 0 0 0 0 0 

Teeth nerve. 00000 0 0 0 00 

Length nerve. — — - — +—-j— 

Tooth summit . H— H— H— H— -h- 4— H^— 
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Tablb XX. 

Description of Mnitm rostratum^ Schrad* 

A.—Specific limits of variation. 

[Great Britain : Alston to High Force, Dnnkeld, Llangadock, 
Whaley Bridge.] 

1. Length of the leaves: 4*86-8*82 mm. 

2. Breadth of the leaves: 1*80-8*19 mm. 

.8. „ „ ,, at their base: 0*78-l*24 mm. 

4. „ ,) cells; 23-84 a. 

6. Niimbei* of cells: 62-97. 

6. Breadth of the border: 69-126 fi. 

7. Number of cells of the border: 6-12. 

8. „ marginal teeth: ? (teeth rather numerous, but pattly obsolete). 

9. double marginal teeth: 0. 

10. „ teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve: nerve always reaching the summit (one leaf doubtful). 

12. Tooth at the summit of the leaves: always existing. 

18. Number of leaves: 12-21. 

14. ,, fruits: 1-4. 


B.—‘Gradation of the characters. 

[One patch : Alston to High Force, 9 stems.] 


Intervals: 1. 2 3. 4. 6. 0. 7. 8. 9. 30. 

Length leaves (mm.). 2*28 2*95 8*01 4*07 4*04 4*51 5*40 6*69 6*02 6 47 

Breadth leaves (mni.) .... 1*22 1*80 1*77 2*04 2*18 2*26 2*66 2 40 2 86 2*47 

„ base (mm). 0*09 0*76 0*73 0*78 0*76 0*76 0*82 0 84 0*96 1*07 

„ cells (,*) . 26 29 28 29 31 31 32 30 30 29 

Number cells. 43 66 68 68 69 67 73 73 71 77 

Breadth border (/i). 70 89 88 93 88 85 90 90 89 90 

Cells border. 8 9 9 9 8 9 8 9 8 8 

Marginal teeth .... . P . . 

Double marginal teeth ....0 0 0 0 0 0 0 0 0 0 

Teeth nerve. 0 0 0 0 0 0 0 0 0 0 

Lengthnerve. -h- +± 4-± H— -fi +± ++ + 

Tooth summit... - + -f + + + + + + + + 
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Table XXI. 

Descri|)tion of Muinm serratum, Schrad. 

A.—Specific limits of \ariation. 

[Great Britain : Bon Lawers, Ingletoii, High Force, South Wales, 
Gilsland Alston, Cmven.—Canada.] 

1. Length of the leaves: 2‘49-4’71 mm. 

2. Breadth of the leaves: 0*69 1*8] mm. 

3. „ „ ,» at theiv base: 0*38-0*71 mm. 

4. „ „ cells: 17-25/4. 

5. Number of cells: 28-67. 

6. Breadth of the border: 36-101 //• 

7. Number of cells of the border; 5-0. 

8. ,, marginal teeth: 11 20. 

9. „ double marginal teeth: 6-21. 

10. ff teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve: nerve ahvays reaching the summit in Great Britain. (Canada: 

+ or ±.) 

12. Tooth at the summit of the leaves: alwa 3 *s existing. 

13. Number of leaves: 16 36. (Great Britain: 21-36. Canada: 16 24.) 

14. ,, fruits; 1, 


B.—Gradation of the characters. 


[One patch : Ben Lawers, 9 stems.—Barker leg., July 1870.] 


lnter^als: 1. 2. 3. 4. 5. 0. 7. 8. 9. 10. 

Length leaves (mm.). 1*44 1*70 1*95 2*16 2*37 2*62 2*79 3*09 3*43 4*03 

Breadth leases (mm.) .... 0*63 0*78 0*M7 1*01 1*09 1*19 1*26 1*29 1*29 M3 

,, base (mm.) . 0*47 0*50 0*51 0*53 0*50 0 59 0*69 0*57 0*52 0 52 

„ cells (/i) . 17 17 18 20 21 22 23 28 23 23 

Number cells. 37 40 41 44 46 47 60 50 60 43 

Breadth border (/*). 64 67 01 66 (18 69 70 71 76 78 

Cells border. 8*5 8 9 9 8*8 8*6 8*1 8*8 7*8 7*9 

Marginal teeth . 0 0*2 0*5 1*6 6 8*4 12 17 18 16 

Double marginal teeth .... 0 0 0 0 0 8 3*6 6*6 12 12 11 

Teeth nerve. 0 0 0 0 0 0 0 0 0 0 

Length nerve . ±~ ±— H— +- H— +± -h± 4*- + + 

Tooth summit. + -f- + + 4- 4- 4- •+*!4“ 4- 
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Table XXII, 

Description of Mnium spinosum^ Schwaeg, 

A,~Specific liinits of variation. 

[Switzerland : Engstligen Falls, Adolbodeii; H. N. Dixion dedit.—Styrm; 
in sylvis prope St. Nicolai, in vullo Solk.—Tery rare in the British 
Islands.] 

1. Length of the leaves: 5*01 8*10 mm. 

2. Breadth of the leaves: 1*55-2 84 mm. 

3. „ „ at their base: 0*C8“1*06 mm. 

4. „ „ cells: 21-31/I. 

6, Number of cells: 06-96. 

6. Breadth of the border: 02-92 /i. 

7. Number of cells of the bordei: 10-13. 

8. „ marginal teeth: 43-72. 

9. „ double marginal teeth: 33 47. 

10. „ teeth on the nene at the back of the leases: 2-12. 

11. Length of the nerve: nerve always mcbmg the summit. 

12. Tooth at the summit of the leaves: always existing. 

IS. Number of leaves; 24-33. 

14. „ fruits: 2-6. , 


B.—Gradation of the characters, 
[One patch : Adelhodeo, 8 stems.] 


Intervals : 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 

9. 

30. 

Length leaves (mm.). 

1*53 

2*80 

4 55 

5 37 

5*91 

6*10 

6*33 

C09 

0 93 

7*20 

Breadth kaves (mm.) , .. 

0*75 

1*41 

2*42 

2*^0 

2 SO 

2 si 

2 70 

2*74 

2 06 

2 52 

„ base (mm ) ...... 

0 81 

0'!>5 

1 U 

1 iU 

1*10 

102 

0*05 

0 92 

0 89 

090 

>» cells {fi) .. ♦ 

15 

22 

27 

29 

29 

20 

20 

29 

28 

28 

Number cells. 

40 

59 

84 

91 

ill 

90 

88 

88 

87 

82 

Breadth bolder (|i) . 

65 f 

73 

75 

70 

73 

73 

75 

73 

74 

76 

Cells border. 

10? 

11 

11 

11 

10 

11 

11 

11 

11 

11 

Marginal teeth . 

27 

18 

37 

44 

47 

52 

55 

67 

03 

63 

Double marginal teeth ... 

0 

2 

12 

24 

25 

30 

34 

38 

40 

42 

Teeth nerve. 

0 

0 

01 

1 

] 0 

2*8 

81 

49 

4*8 

7*5 

Length nerve. 

-f- 

+ - 

-f 

+ 

4 

+ 

4* 

4* 

+ 

4* 

Tooth summit. 


+ 

4- 

4* 

4- 


4' 

4* 

4 

*4 
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Table XXIII. 

Description of Mniam svbglohosum^ Bruch, Schinip. & Guemb. 

A.—Specific limits of variation. 

[Great Britain : Benson Knot (Kendal), Whaley Bridge, 
Hathersage, Derbyshire.] 

1. Length of the loaves: 3*62 7*33 uim. 

2. Breadth of the leaves: 2*95 5*50 mm. 

3. „ „ „ at their base: 0*63*0*98 mm. 

4. ,, „ cells: 38 54 /i. 

5. Number of cells: 71 JOG. 

6. Breadth of the border: 63-85 /li. 

7. Number of cells of the border: 4-6. 

8. „ marginal teeth: 0. 

9. „ double marginal teeth : 0. 

10. „ teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve: nerve never reaching the summit. (Very rarely a trace of 

connection between nerve and summit in the third leaf above the longest one. 
Nerve sometimes reaching the summit in the pbyllomes of the perianth.) 

12. Tooth at the summit of the leaves: never existing. (A trace of a tooth in the above- 

mentioned exceptional leaf. The pbyllomes of the peiianth sometimes with a tooth.) 

13. Number of leaves; 7-14. 

14. „ fruits: 1 2. 


B.—Grudidion of the characters. 

[One patch : 11 stems with about 70 leaves in good condition; many leaves 
were spoiled and not measurable, especially in the intervals 1-5. 
Benson Knot, Kendal ] 

Intervals: 1. 2. 3. 


Length leaves (mm.). .. 

. 1 *34 

2*04 

2*58 

Breadth leaves (mm.) .., 

. 1*07 

1*59 

1-99 

„ base (mm.). 

0f)6 

0 05 

0*73 

„ cell* (/<) . 

31 

36 

38 

Number cells. 

. 29 

41 

52 

Breadth border (fi). 

. 59 

66 

65 

Cells border. 

4 

4 

4 

Marginal teeth . 

0 

0 

0 

Double marginal teeth ., 

. 0 

0 

0 

Teeth nerve. 

. 0 

0 

0 

Length nerve. 

— 

- 

— 

Tooth summit. 

, — 

- 



jrptTBK,—BOTANT, TOL. XLIV, 


4. 

5. 

0 . 

7. 

8. 

9. 

10. 

3*08 

2*96 

3*65 

4*13 

4*77 

6*00 

5*79 

2*56 

2-81 

2*86 

3*23 

3*86 

3*70 

4*41 

0*73 

0*69 

0*74 

0*68 

0*71 

0*77 

0*78 

42 

39 

41 

41 

45 

44 

47 

65 

56 

66 

72 

78 

75 

91 

68 

65 

65 

62 

61 

63 

65 

5 

5 

5 

5 

5 

5 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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TABI4S XXIV. 

Description of Mnium unduhtum^ Linn» 

A.—Specific limits of variation. 

[Great Britain : Manchester ; Bolton Abbey.] 

1. Length of the leaves; 0’93-16*68 mm. 

2. Breadth of the leaves: 1*71-2‘35 mm. 

8. „ „ „ at their base: mm. 

4. „ „ cells: 17-28/a. 

6, Number of cells: 76-108, 

6. Breadth of the border: 40-97 ft. 

7. Number of cells of the border: 6- ] 1. 

8. „ marginal teeth: 84-184. 

0. „ double marginal teeth: 0. 

10. ,, teeth on the nerve at the back of the leaves: 0. 

11. Length of the nerve: nerve always reaching the summit. 

12. Tooth at the summit of the leaves: always existing. 

I 

13. Number of leaves: 33-58 (or more P). 

14. I) fruits: 2-8 (the fertile stem is sometimes ramified, the branches being 

fertile; the fruits of such lateral branches are not taken into account). 


B.—-Gradation of the characters. 

[Two patches : Manchester, 7 steins with about 210 leaves, the leaves above 
the longest leaf being excluded.] 


Intervals; 1. 2. 3. 4. 6. 6. 7. 8. 9. 10. 

Length leaves (mm.). 1*59 2*85 8*72 5*40 8*27 6*78 8*28 8*54 8*94 10*15 

Breadth leaves (mm.) .... 1*55 1*66 1*89 2*26 2*20 2*12 2*22 2*18 2*12 2*09 

„ base (mm.). 1*32 1*39 1*62 1*82 1*80 1*70 1*69 1*54 1*48 V26 

„ ceUs (/i) 22 22 22 22 21 21 21 21 21 21 

Number cells. 68 71 76 91 92 89 91 90 89 89 

Breadth border (/i). 81 82 84 83 87 86 88 88 88 78 

Cells border . 10 12 12 11 12 11 11 11 IJ 9 

Marginalteeth . 29 48 66 87 96 102 109 115 1J6 119 

Double marginal teeth ..,.0 0 0 0 0 0 0 0 0 0 

Teeth nerve. 0 0 0 0 0 0 0 0 0 0 

Lengthnerve. H— +± -hi +± +± +± +± + + 

Tooth summit. + + -f* -f -f -f -f + + 
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PART V. 

Tables of Identification. 

§ 39.—In the present part I give tables of identification for the ten species 
of Mnium which are described in Part IV. The British Flora includes four 
species (lycopodioides^ Schwaeg., riparium^ Mitt., dellare, Reich., cinclidioideSf 
Blytt) which are not mentioned in the tables ; these are rare (or very rarely or 
never found in fiuit) in the British Islands. In each table the minimum and 
maximum limits of the character under consideration are given separately. 

In the descriptive tables (Part IV.) the figures are given as they were 
observed. As the limit-values are hitherto merely approximate, they are 
MODIFIED in the tables of identification in the following way :— 

1®. The minimum figures are diminished by about 5 per cent, of the 
observed value, and for three species [afjlne^ ortliorrhynchum, 
spinosum^ sec § 33, p. 40) by about 10 per cent. 

2®. Tho maximum figures are augmented by about 5 per cent, of the 
observed value, and for the three mentioned species by about 
10 per cent. 

By these modifications (which are arbitrary) the limits between which 
variation may occur are widened by about one-tenth (or one-fifth) in order 
to diminish the possibility of mistakes in identifying a given specimen. 

Despite this, it is advisable to be prudent in the use of the tables and to 
allow a wide range of error, as we have done in § 17 (see p. 20), in which 
the thube methods of using the tables are illustrated by examples. 

Abbreviations : see § 38, p. 40, 


Table XXV. (see §25). 


Length of the leaves in the 10th interval (mni.). 


Minimum. 


eerratum . 2*36 

orthoirhynchum . 2*70 

subylobomm . 8*44 

euapkhtum . 3*55 

punctatum . 4*12 

roitratwn . 4*12 

epinoBum . 4*50 

hornum . 4*90 

€^ne . 4*90 

undulatum . 6*60 


Maximum. 


Bermtum . 

m't/iorrhynchfwi . 
BubyloboBiim 
cuspidatum .. .. 

hornum . 

rostratum . 

spinoBum . 

ajine . 

punctatum . 

undulatum . 


4*95 

5*94 

7*70 

7*81 

8*46 

8*73 

8*91 

917 

9*67 

16*36 
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TABi4t XXVI. (soe § 26). 

Breadth of the leaves io the 10th interval (mm.). 


Minimum. 


Maximum^ 


orthorrhynokum . 

. 0*27 

orthorrIiytt(Aum ....... 

. I'la. 

wrratum . * 

. 0*66 

mratwm .. 

. 1*88 

homum . 

. 0-61 

homum . 

. 1*54 

eutpidatum . 

. 107 

undulatum . 

. 2‘47 

^pmomm . 

. 1*40 

Bpmomm . 

. 3*12 

undulaium . 

. 1*62 

ro^ratum .. 

. 3*86 

roBtratum ... <. 

. 1*71 

cutpidaiuni . 

. 3*43 

afins . 

. 1*98 

. 

. 4*49 

punctatum . 

. 2*71 

i subglobomm . 

. 6*78 

iubfflohoium .. 

. 2*80 ' 

1 jmnctatum . 

. 6*81 


Table XXVll. (see § 27). 

Breadth of the leaves at their base in the 10th interval (lum.). 
Minimum. « Maximum. 


ortkorrhynchum . 

,... 0*28 

ortkorrhynchum .... 

... 0 62 

Beiratum . 

... 0*36 

Berratum . 

... 0*76 

punetatum . 

. . . 0*42 

punctatwn . 

... 0*86 

homum . 

... 0*62 

homum . 

... 1*03 

BuhgkboBum . 

... 0*66 

BubyloboBwn . 

... 1*03 

cuBpidatum . 

. .. 0*59 

BpinoBum .. 

... 1*17 

BpinoBum . 

... 0*61 

ajine . 

... 1*28 

a^ne .... 

... 0*08 

roBtruCuni ........ 

... 1*30 

roBtrixtum . 

... 0*69 

1 cuapidatum . 

... 1*32 

undulatum . 

... 0*96 1 

1 undulatum . 

... 1*65 



Table XXVIll. (see § 29). 


Breadth of the cells at the place of the greatest breadth of the 


leaves in the 10th interval (jx). 


Minimum. 

1 Maximum. 


orUion^hynchum 

. 11 

orthorrhynchum . 

. 17 

homum _____ 

. 13 

hornum . 

. 21 

euBpidatwn .,.. 

. 16 

cuspidatum . 

. 23 

Hrratum . 

. 16 

undulatum .. 

. 24 

undulatum . 


Berratum ... 

. 26 

iptnoBum . 

. 18 

rodratmx . 

. 36 

roBtB^atum . 

. 22 

Bpimaum .. 

. 87 

affinB .. 

. 27 

aftm .. 

. 47 

punetatum ...... 

. 34 

mhykbomm . 

. 67 

BubghboBum .... 

. 36 

punetatum ............ 

. 68 
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Table XXIX. (see § 28). 


Number of cells at the place 
leaves in the 


Minimum. 

wthorrhyiicKmt . 19 

iterratum . 27 

h&rnum . 32 

affhie . 50 

cmpidatum . 53 

punctatum . 58 

roitratum . 59 

tpinomm . 50 

suhghboium . 07 

^mdulatum . 72 


of the greatest breadth of the 
10th interval. 

I Maximum. 


I serratum ... 60 

I orthoirhynchum . 68 

' hornum . 77 

affine . 102 

I rosiratum . 102 

{ spinomtti . 106 

, undulatum . 108 

suhyloboHum . 112 

jimncfatum . 117 

cuepidatum . 154 


Table XXX. (see §31). 

Breadth of the bordcjr at the place of the greatest breadth of 
the loaves in the 10th interval (/a). 


Minimuiu. 

hornum . ? 

orthoi'rhynchum . 21 

cmpidatum . 3.3 

Hrratnm . 34 

undtdatum . 38 

affine . 42 

subglohomm . 50 

sffinosuni . 56 

roitratum . t>5 

punctatum . 77 


Maximum. 


' orthorrhynchum . 50 

j subylohomm . 90 

I cuipidatnm . 94 

affine . 102 

apinomm . 102 

i undulatum . 102 

j icrrafum . 106 

I rostratum . 132 

‘ punctatum . 205 

' honium . ? 


Table XXXI. (see §30). 


Number of cells of the bordei 
breadth of the leaves 
Minimum. 


hornum . r' 

orthorrhynchum . 2 

suhgloboium . 3 

affine . 4 

cmpidatum . 1 

eerratum . 4 

roitratum .. 5 

unduktitm . 5 

punctatum . 7 

epmoium . 9 


r at the place of tlie greatest 
in the 10th interval. 

Maximum. 


mhyloboHum . 7 

orthorrhynchum . 8 

cmpidatum . 10 

serratum . 10 

affine . 11 

punctatum . 12 

undulatum . 12 

roitratum . 13 

spimmm .. 14 

hornum .. P 
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Table XXXII. (see §32). 

Number of marginal teeth of the leaves in the lOtb interval. 


Minimum. 


Maximum. 


punciatum . 

.“ 0 

pumtatmh . 

.. 0 

aubffloboaum . 

.... 0 

aubglohoami .... 

.. 0 

roatratum * . 

.... nP 

aerratum .. 

.. 81 

aerratum . 

.... 10 

orthorrhynchum .. 

.. 42 

cufptdatum . 

.... 17 

apinoami . 

.. 80 

orthotThynchum . 

.... 20 

cuapidutum . 

.. 81 

.. 

.... 3H 

hoi*num ...... 

.. 89 

apinoatm . 

.... 39 

a fine . 

. 117 

homim . 

.... 43 

unduhitum . 

.. 141 

undulatum . 

.... 80 

t*oatratum ^ . 

.. n? 


Table XXXTII. (see § 33). 

Number of double (and triple) marginal teeth of the leaves 
in the 10th interval. 


Miuimnin. 


Maximum. 



0 

(tjfitie .. 

. 0 

^ ^ ^ ^ . 




cuapidatum . 

. 0 

cuapidatum . 

0 

punctaium . 

. 0 

' punctatum, . 

0 

roatratum . 

0 

roatratum . 

0 

aubyloboaum . 

. 0 

aubf/loboaum . 

. 0 

undnlatum .. 

. 0 

undulaium . 

. 0 

a/ti*ratufn , . 

5 

aerratum . 

. 22 

orttiorrhynchum . 

. 11 

' orthorrhynchum .. .. , 

. 34 

apinomm . 

, 30 

‘ apifioaum . 

. 51 

homum . 

. 32 

' homum . 

. 64 


Table XXXIV. (see § 34), 


Number of teeth on the nerve at the back of the leaves 
in the lOth interval. 


Minimum. 

ajffine . 

ouspidatum . 

orthorrhynchum .... 


roitratum ,. 
aerratwn ,. 
0ubyloh8um 
tmdulatum 
apinomm .. 
homum .. 


0 

0 

0 

0 

0 

0 

0 

0 

1 

B 


Maximum. 

. 

cuapidaium . 

pwictatum . 

roatratum . 

am'i'aium . 

mhyldboaum . 

widulatum . 

orthorrhynchum . 

spinomm . 

hornum . 


0 

0 

0 

0 

0 

0 

0 

12 

13 

20 


m In Mniutn roatratum marginal teeth always exist| but it was impossible to coust 
them exactly. See Table XX., A. 
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Table XXXV. (see § 35). 

Length of the nerve in the leaves of the 10th interval. (Nerve 
reaching the summit, + ; a trace of connection between nerve 
and summit, ±; nerve ceasing below the summit, — .) 


Minimal 

length of the nerve. 

affine . 

rmtratwn . 

hornum . 

punetatum . 

suhglohosum . 


orthonhynchum . ± 

serrtxtum . i 

cus})idatum . + 

spinomm . -f 

tmdulafam . -f 


Maximal 

length of the nerve. 


eubglohomtn . — 

cue^ndatum . + 

hof'num . -f 

ortliorrhynehum . 4- 

puncfatum . + 

roBtmtum . 4* 

serratum . 4” 

spinomm . 4“ 

undidatum .. + 

affine . ? 


Table XXXVI. (see § 36). 

Tooth at the summit of the leaves in the 10th interval. 

A tooth at the summit of the leaves in the 10th interval exists always in 
all the species, excc|)t in two of them, viz. ;— 

I**. Mn, punctafam. The tooth exists ordinarily, or there is a trace of 
a tooth. The absence of a tooth is rather rare. The first leaf 
above the longest one is variable in the same way. In the second 
leaf above the longest one and further u[»wards 1 always found 
a tooth. 

2®. Mn, suhglohosum. Never a terminal tooth in the lOth interval, nor 
in the two leaves above the longest one. In a few cases a trace of 
a tooth exists in the third leaf above the longest one. A tooth may 
occur at the summit of the phyllomes of the perianth. 

See, wdth reference to this character, the specific tables of gradation 

(Tables XV.^XXTV., B), 























PBOr.JOUCS XBOLBOD Dir 3^ 


66 


Tabl® XXXVn.(8ee§23). 

Number of leaves of the fertile stem. 

Tn this table a rather great possible error is to be admitted. The figures 
indicate the number of leaves urhich still remain in a stem which bears a ripe 


or almost ripe fruit. Tn such stems 
disappeared. (See § 23.) 

Minimam. 


punctatum .. 6 

6ubgloho8um .. 6 

cmpidaUm .. 10 

rostratum . 11 

serratim . 15 

sfnnoium .. • 22 

orthorrhynehum . 23 

qffme . 26 

imdulatum . 31 

honium . 46 


the lowest leaves have almost always 


Maxitnum. 


eubglohoeum ... . 

. 16 

punctat^am . 

. 20 

roefrabum . 

. 22 . 

euspidatum 

. 80 

affine . 

.. . 30 

Bfnnosum .. 

. .. 36 

serratum ... . 

.. 38 

tmdtdatum . 

.... 61 

orthorrhynehum .. 

... 67 

homum . 

.. .. 67 (<»r 


more). 


Table XXXVIII. (see § *^7). 


Number of fruits at the summit of the fertile stem (see § 37), 


In several species this property is very variable. The figures in this table 
are to be considered as a rather incomplete information. Besides the fully- 
developed fruits, abortive fruits (length 2 mm, or longer) which are easily 
distinguished from sterile archegonia are sometimes found; such abortive 
fruits have always been counted and brought into account, Jn all the 
species, stems with one fruit will likely be found. Fruits which sometimes 
occur at the summit of lateral branches (il/n undvlatum and perhaps other 
species) are not taken into account. 


Minimum. 

ajffme . 1 

cuspidaUm . 1 

hormm . 1 

orthorrhynehum . 1 

pmiotatum . 1 

rot^ratum . 1 

semxtum . 1 

rubglohimm . 1 

spmmm . 2 

undulatum . 2 


MaT^imuin. 


hornum . 1 

oHhorrhynchum . 1 

serratnm . 1 

empidatum . 2 

punetatum . 2 

subylohosum . 2 

affine . 4 

rostratum .. 4 

epinotum . 6 

tindkUatum .. 9 
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Fig. 9.--Margiiial teeth (see p. o^). 
ly 2^ S\ Mnntm roffivattim. 

4^ S '. Mmuin affine, —4* the maigm of a leaf, 

with 1-celliilar, U-cellular, and S-celluhir teeth ; 
5. A 4-cellular tooth (rare). 


LINN. JOURN.—BOTANY, VOL. XHV. 
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Table XXXIX. 


Number of cells of the marginal teeth. (With reference to 
M. affine and rostratum,) 


In order to test the practical value of the method, I have tried to identify 
several specimens of each species by means of the Tables XXV.-XXXVIII. 
I always succeeded, except with seme specimens of M* affine and rostratum^ 
These species cannot be confounded when the classic characters of the fruit 
and the inflorescence ^ are taken into account. But when we limit ourselves 
to the characters of the leaves, there is frequently some difficulty in the 
determination. 

Using merely the figures of the longest leaf of one fertile stem (first 
method, see § 17), some specimens of both species could be determined. 
But the figures of other specimens were not decisive ; after all the tables had 
been used, I was still hesitating between ap^ne and rosfratum. Therefore 
I have recourse to a supplementary character. 

In both species, the longest leaves (10th interval) of the fertile stem are 
adorned with numerous marginal teeth, which are always simple (never in 
pairs). In M, rostratum, about the place of the greatest breadth of the 
longest leaves, the salient part of each tooth always consists of one cell 
(fig. 9: S, 3). In M, affine^ at the mentioned place, the salient part of 
the teeth consists of 1, 2, 3, or even 4 cells. Among those teeth, one always 
finds some teeth the salient part of which consists of more than one cell 
(fig. 9 : 4, 3), 

All this may be shown in the form of the following table :— 


Mimmiini. 

rostratum . 1 cell. 

ajine . 1 cell. 


Maximum. 

rostratum . 1 cell. 

affine . 4 cells. 


* M. affine : lid of the capsule conical, apiculate; inflorescence dioicous. 

M, rostratum : lid of the capsule with a long, straight, or curved rostrate beak; 
inflorescence synoicous. 

See Dtxon and Jameson, ^ British Mosses,’ second edition, 1904, pp. 379, 381. 
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The Heterangiums of the British Coal Measures. 

By D. H. Scott, M.A.. LL.D., P.R.S., F.L.S. 

(Plates 1-4.) 

[Read 19th April, 1917.] 

IIsTEEjLNaiVM IS a genus of Carboniferous plants based on petrified speci¬ 
mens with the anatomical structure preserved; it is now classed among* the 
Pteridosperms. The characters of the genus are briefl]/^ as follows :— 

Stem monostelic; vascular cylinder a protostelo, the primary xylem, inter¬ 
spersed with conjunctive parenchyma, extending to the centre and consisting 
throughout of elongated tracheides; peripheral strands of stele and leaf-trace 
bundles mesarch. 

Secondary wood and hast formed. Tracheides (apart from the protoxylem- 
r(‘gion) wi^h niiiltiseriate bordered pits. 

Leaf-trace bundles one or more for each leaf. 

Outer cortex consisting of altc'rnating radial bands of sclerenchyma and 
parenchyma. 

Inner cortex, or poricycle, or both, usually with plates of sclereides. 

Leaves (when known) large, compound, and of the Splienopteris type. 

Tills definition, while correct so far as it goes, will bo found to need some 
^emendation when the results of the present investigation are taken into 
.eonsideration (see p. 99). 

The genus Jleteraugiam was founded by Corda in 1845, on some fragments 
from the “ spha^ro-siderites(coal-balls) of Radnitz in Bohemia, f)robably of 
Middle tJoal-]\Ieasuro age (Oorda, 1845). Corda's specimens showed little 
more than portions of the wood ; somewhat better examples of the species, 
IL parado^eum^ have recently been obtained by Kubart from the same 
material (Kubart, 1911). 

In 1873 AVilliamson described in detail a fossil plant from the Petty cur 
deposits, near Burntisland, of Lower Carboniferous age; he referred his 
specimens to Corda^s genus, under the name Ileterangium Gneni (William¬ 
son, 1873). This has now come to be tho best-known species of the genus, as 
it is also the most ancient *, Williamson’s reference of his plant to Corda’s 
goims was criticised by Renault (1879, p. 277), but has been confirmed by 
subsequent writers (Solms-Laubacli, 1887; Kubart, 1911), and IL Grievii is 
now for practical purposes the type-species of IJeteranginm, though tech¬ 
nically IL paradoxum^ Corda, claims this position. 

Much later, in 1887, Williamson described a species of Ileterangium from 
the Halifax Beds (Lower Coal Measures). This was IL lilueoides^ a form 

* See also Williamson & Scott, 1896. 

F 2 
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remarkable for its perfect preservation, especially as re^ijards the phloem 
(Williamson, 18^7 : Williamson & Scott, 1895). 

These two species, If. Grievii of Lower and 77. iiliopoides of Upper Car¬ 
boniferous age, were the only British species recognised by Williamson in 
his published works. 

In 1890, however, he described some specimens from Dnlesgate (Lower 
Coal Measures) under the name U. Grievii^ and thus made this species range 
from the Lower to the Upper (iarbonifcrous (Williamson, 1890), Williamson 
at first thought that some, at least, of these Dulesgate specimens were a 
dilfferent species, and gave them in MS. the name //. Lomaxiiy but in his 
published account all are included under the name 7/. Grievii. The difficulty 
of identifying plants of such different horizons does not seem te liave troubled 
Williamson at all. In the joint paper by Williamson and the present writer 
the same nomenclature was unfortunately adoj)ted, though some distinctions 
between the Dulesgate and Burntisland forms were pointed out (Williamson 
& Scott, 1895, pp. 750 & 753). At the same time a Dulesgate specimen, 
differing somewhat from the others, was given the provisional name of 
H. cT/lindricimi, though its claims to specific distinction were regarded as 
doubtful {Lc, p. 765). 

In my ‘Studies in Fossil Botany’ (1st ed, 1900) it was recognised that 
Williamson^s Dulesgate specimens of Heterangimn Grievii"’' ])robnbly repre^ 
sented a separate species {L c. p. 345); in a second edition (1909, p, 410) 
Williamson’s MS. name, 77. Loinaxii^ was definitely adopted for them. No 
full or critical account of the Dulesgate Heterangiums has. however, yet 
been given, and it is one object of the present communication to supply this 
omission. 

The stimulus to undertake a revision of British Coal-MeaMire Heterangiunis 
was in part due to the discovery, in 1912, liy Mr. Lomax, of a fine specimen 
of Jleterangium from the coal-balls of Shore, Lifctleborough. Thib plant 
presents some remarkable feahires, and has aided in the interpretation of 
other forms ; it will be taken first in the description. 

The important discoveries of Dr. Kubart (1908; 1911 ; 1914), who has 
investigated a number of forms of lieterangium and Lyginopteris * from 
Upper Silesia, also render a survey of the British (Joal-Measure species 
desirable. A consideration of Dr. Kubart’s results (as yet only published in 
a preliminary form) will be postponed to the end of the paper ; at the 
same time the species of Permo-Oarboniferous age, previously diseoAered 
by Renault, will be dealt with. 

Some interesting points of comparison with the Lower Oarboniforous 
genus lihetinangiiim, discovered by Dr. Gordon (1912), also arise. 

♦ Potoni^'s name i« adopted in preference to the familiar Lyginodendim,^ Gourlie, for 
reasons fully set foith in Sewards ‘ Fossil Plants,’ \oi. iii. pp. (1017), 
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Heterangium shorense, sp. nov. 

The one speciineri on which this species is based was discovered by 
Mr. Ijoiuux and his son on August 12, 1912, in material from Shore, Little- 
borough. The fragment was 1*5 inches (3*75 cm.) long, and a series of 
15 transverse Koetious was cut (now numbered 27ti]~2795 in rny collection). 
It is a line stem, 17-18 mm. in diameter, the wood of the stele, though 
almost without secondary thickening, reaching 7 mm, in diameter (PL 1. 
Phot. 1; J'l. 3. fig. 1). The general outline of the stem is approximately 
circular, with more or less marked prominences where a leaf-base is met with. 

The cortex is for the most part well preserved; it is 3-4 mm. thick. A 
consi(leral)le part of th<* pericycle is al»o j)roservcd, often in contact with 
the inner edge of the cortex. The phloem has almost wliolly perished ; the 
gap l)etween pericycle and wood was no doubt caused partly by shrinkage 
and partly by actual de^^truction of tissue. 

Stele. 

We will at tirst confine our attention to the wood, which in three of the 
sections is almost or quite comj)lete fPl. 1. Phot. 1 ; PI.3. fig. 1). 3'he great 
feature of the primary x^lem (and little else is present) is the grouping of 
the tracluddes in a large number of definite packets, separated by a narrow 
reticulum of conjunctive parenchyma. The tracheal packets commonly 
contain from 6-15 element'^ eacli, and range from about 400 to 650 fi in 
diameter. In tlio middle part of the wood they are fairly isodininetric, while 
towards the })eripherv they become lengthened in the radial direction. These 
peripheral groups are very distinct, as is usual in the C-oal-Measure species. 
The deep clefts between them, seen in some places, are merely due to 
shrinkage, Tlie surface of the wood is somewhat ribbed, the peripheral 
groups being convex (fig. 1). 

Tlie parenchymatous reticulum between the tracheal packets appears 
narrower tliaii it should he, owing to a partial collapse of the cells. 

Tlie tracheides of the metaxylom are generally of large size; there is, 
of course, much variety, hut we may take 200 as an approximate mean 
diameter. Towards the outside, i. c. in the neighbourhood of the protoxylem 
of the peripheral strands, the tracheides become rapidly smaller, down to 25/a 
or 20 fM. The preservation is such that it is not, as a rule, easy to determine 
the position of the actual protoxylem. Where this can be fixed it is found 
near the outside, separated by from two to four small elements from the outer 
edge of the wood (PI. 3. tig. 5). The question may still arise whether all these 
centrifugal xylem-element* were really primary, for a certain amount of 
secondary growth had taken place—at least locally. On one side of the stele 
there are a few irregular layers of radially arranged tracheides—at most five 
in a radial row (fig. 6). These secondary elements are little larger than the 
smallest primary tracheides—about 25-35 in diameter. On other parts of 
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the ciroumferenoe no eecondarj xyhm can be distinguished. Thus seoondarj 
growth had just started, the newly formed elements being, as usual, small, 
corresponding rather to the oentrifugal primary tracheides on which they 
abut, than to the wide elements of the metaxylem. 

The primary structure of the peripheral strands was thus, as we should 
expect, mesaroh, but with the centrifugal portion of the primary xylem very 
small in amount (fig« 5). 

Deferring the important subject of the leaf-traces, we come next to the 
pericycle, for the phloem is practically lost. 

The inner margin of the perioyclic zone is more or less creaulated, its 
concavities corresponding to the convexities of the xylem cylinder (fig. 7)* 
Hence they must originally have fitted on to each other, with the inter¬ 
vention of the phloem only. Now they are almost everywhere separated by 
a wide gap, containing some Stigmarian rootlets. In places some thickness 
of thin-walled tissue is preserved; its inner portion may include some remains 
of the phloem (fig. 6). In other places the pericycle is represented almost 
wholly by sclerotic tissue, most of the elements having apparently very thick 
walls, like those of the sclerotic cell-plates in the cortex. In flu* pericycle, 
however, the sclerotic tissue is loss continuous, a certain number of thin- 
walled elements being interspersed. In these more resistant parts of the 
pericycle the crenulations are specially well marked, the sclereides <‘xtending 
into the projections between the hollows (PL 3. fig. 7), The pericyclio 
sclereides are unusually abundant in Heterangium shorense^ forming exten¬ 
sive tracts, but they occur also in most of our other Coal-Measure forms. 

Cortex. 

The cortex, as in other IleteratiglumSy may be divided into inner cortex 
and bypoderma—the former, of course, much wider than the latter, Tlie 
inner zone consists of a matrix of thin-walled parenchyma, in which great 
sclerotic plates are imbedded (PL 3. figs. 1 & 7). These plates sometimes 
border on the pericycle, and elsewhere may alinosl reach the bypoderma. 
As a rule they consist, as seen in transverse section, of hexagonal cells with 
their luminu more or less completely blocked with a brown sulistance, which 
may be altered cell-wall. In other cases the sclereides are flattened and 
ranged in regular rows, suggesting the activity of a special meristem. Those 
appearances are like what we find in other forms, in longitudinal sections 
through the sclerotic plates, and are no doubt seen owing to displacement of 
certain of these plates. 

The great development of tlie cortical sclerotic masses is characteristic of, 
though not peculiar to, the Shore Heterangium. The thin-walled cortical 
tissue between the plates often consists of large cells tangentially dilated ; in 
other places the cells are hexagonal and small, resembling those of the 
sclerotic plates in form and size. 



or THE BRITXHH COAL MEASURES. 


63 


In the hypoderma the radial bands o£ sclerenchyma are well marked^ and 
sometimes anastomose across the intervening tracts of cellular tissue, as in 
Lygincpteris* On the prominent leaf-base the proportion of sclerenchyma to 
parenchyma is greater than elsewhere (PL 3. fig. 2). The leaf-base is delimited 
on either side by a barrier of sclerenchyma, resembling that of the hypoderma 
on which it abuts (figs. 1, 2). The whole structure of the cortex is typical 
of a Heterangium and shows the various tissues in a well-developed form. 

The elements commonly described as ‘‘ secretory sacs ” are, however, 
obscure. There are a certain number of cells, especially in the cortex, with 
dark contents, but, owing to the state of preservation and the absence of any 
longitudinal sections, it has not been possible to distinguish with certainty 
between differentiated sacs and disorganised cells. 

The Leaf-traces. 

Wg now come to the most characteristic f)oint in our plant—the arrange¬ 
ment and course of the leaf-trace&. Several traces are present in each 
transverse section, but no one section shows them all perfectly. That repre¬ 
sented in fig. 1 may serve to give an idea of their distribution. Four leaf- 
traces are shown in the section. 

At the top of the figure is the large leaf-hu'^e. in vs Inch three bundles are 
preserved (Trace A>, The lull number, howe\er. In four, as shown in fig. 2, 
which represcuits the same leaf-buKse several ’«>ectionH higher up the stem. All 
four are likewise showm in a section eui lower down than that represented in 
fig. 1. so the presence of three only in the latter is nn*rely due to accidents 
ol preservation. 

The first fact, then, which we learn as to the le.if-traces is that no less than 
four hiindlos entered tlie base of the leaf. 

In the petiole itsidf still further di^islon took ]dac(*, as shown in fig. 3, 
which repres(Uits the section of a detached petiole clearly ])elongii)g to the 
same plant. Here each of tlie tour original buinlles has dixuled into two, the 
division being more advanced in the middle than in the lateral pairs. This 
plurality of Inindles is-a uew^ feature for the Jiefet anglunt and a marked 

difference from the Lower C^arhoniferou^ species, If, where only a 

single bundle enters the petiole. 

How, then, do the four bundles entering the liMf-base originate ? Turning 
to fig. 1, w’e see in the S.E.’' of the figuns in the inner cortex, a pair of 
bundles close together, and above them another, ill-pre'-ert ed, pair. In other 
sections this second pair is quite well shown ; the space between the tw'o 
pairs is about 1*6 mm. There is thus a strung presumption that the two pairs 
of strands together constitute a single h‘af-trace (Trace B). Thi<» is con¬ 
firmed on observing the bundles on the left of the figure (Trace C). There 
are two on the inner edge of the cortex, and each is e\idcntly in the act of 
division. The low’er of the two is shown on a larger scale in fig. 6. The 
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two strands are about 1*2 mm. apart. The whole is evidently one leaS^raoe^ 
the two constitnent bundles just dividing to form the four seen in traces 
further out. Lastly, just above the stele in fig. 1, we see two strands 
(Trace D) lying loose in the empty space between wood and perioycle. This 
tells us little, but in other sections the same pair is found in connection with 
the stele. This is shown in fig. 4, from the 3rd section below that from 
which fig. 1 was drawn. Here the two bundles are just detaching themselves 
from the wood of the stele, with which they are still in continuity. (See 
also PI. 1. Phot. 1, which shows the same trace in an adjacent section.) 

We see, tlien, that in H* slwrense two strands left the stele, that they 
divided into four in passing through the inner cortex, entered the leaf-base 
as a 4-bundle trace, and underwent further division in the petiole. The 
middle bundles, in fact, begin to show signs of division before the leaf-base 
separates from the stem. 

Although the available piece of stem was one and a half inches long, the 
changes in this length are but slight, and the comparison of the successive 
sections has only shown a fraction of the course of each leaf-trace. Thus, in 
the case of the four bundles entering a leaf-base (Trace A, fig. 1), the latter 
becomes decidedly more prominent as we follow the series upwards and more 
cut off from the corte.\ by sclereuchyma. The bundles, however, are four in 
number all through, and, beyond moving outwards and showing some signs 
of further division, undergo little change. 

Trace B, which is somewhat difficult to follow owing to defects of preser¬ 
vation, is a 4-bundle trace from the bottom of the series ; following the trace 
upwards, the two pairs separate widely from each otiier, and those of each 
pair also diverge, but the stage shown in trace A seems not to be reached 
within the series. 

Trace C first appears as a 2-bundle trace, each bundle showing signs of 
•division. The division becomes complete as we follow the trace upwards, 
but that is about the only change. 

The trace D, which is seen starting from the stele in the lower sections, 
cannot be followed continuously owing to damage. At the top of the series, 
h(»wever, what appears to be the same trace appears in the pericycle, each of 
the two bundles showing signs of division. 

Piecing together the evidence from the various traces, the whole course 
becomes clear, as explained above—namely, a double trace leaving the stele 
and further dividing into four bundles before entering the leaf-base. 

A word may be added as to the free petiole (fig. 3). It runs practically 
through the whole series, with little or no change. The transverse section 
measures about 12 x 5’5 mm. It is concave on one side, convex on the other, 
the former having no doubt faced the stem. 



OF THB lililTlSH COAL MEASURES. 


65 


The structure is the same that of the leaf-base attached to the stem, 
excepting only the further subdixision of the bundle*'. In the two lateral 
bundles the xylem is divided, but still in <‘oniioction. In the middle bundles 
the division is complete, the ground-tissue already separating the daughter- 
bundles of each pair (fig. II). The structure of eacli bundle ap|)ears to be the 
same as in the xjlem-strands of the stem, t, e, mesarcli with little centtifugal 
wood. There i.s no appreciable tdiange in the aiiangeincnt of the bundles 
throughont the series. The ground-tissue of the peti()h‘, like that of the leaf- 
base, consists of large-celled parenchyma, in wdiicdi [)lates of sclf*rotic cells, 
and also isolated elements of the same kind, are einheddeil. 

Th<^ h\ f^oderma is much thicker on the coiive\ than on the concave side. 
On the former it is coin])o&ed chiefly of ihick-x\ailed elements, with iiarrow 
radial bands of parenchyma at intcrxals resembling the h}podermaof the 
leaf-base. The thin kucrof li>podennaon the concaxe side ot the petiole 
seems to consist entirely of sclerenchyma, with smaller cells and thickei walls 
than that on the opposite face. T</wards one end of tin* specimen (that 
corresponding to the lower end of the stem-fragiiUMit ) tlie hypoderma on 
the concave side dies out. This is probably mciel} a matter of preservation, 
but it is possible tliat in this f>art the petiole oi leat-]>ase xxas originally 
attached to its stem. 

The characters of the new specie^ (lor as such it must be reckoned in the 
absence of e\idence to conne<*t it with any otlier term) may be summed up 
as follo\xs :— 

Uetoanyium shorenst^ sp. no\. 

Stem large, reaching a diainct<T ot mm. in the one specimen known. 

Primary wood arranged in sinall definite packets, separated by a reticulum 
of parenchyma. 

Secondary wood small-celled (little developed in the specimen). 

Peripheral xylem-strands and leaf-trace bundles mesarch, with little 
centrifugal wood. 

Sclerotic tissue highly dex eloped, both in the pericyclo and inner cortex. 

Leaf-trace consisting of two bundles where it lea\ei!» the stele, dividing into 
four on entering the cortex, and further dixidlng into eight in the leaf-base 
and })etiole. The traces ol at least four leaves ])resent in each transx(*rse 
section of the stem. Leaf-trace^ traversing the ''tern for a long distance 
before passing out. 

Lorality, 8hor»^, Littleborough, Lancasliire . Lower Coal Measures. 

Found by Messrs. James and Joseph Lomax, August 11U2. 
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HeTEBANOUTM TlUiBOIPES, Will. 

The anatomy of the stem of this well-known species from the Halifax Hard 
Bed has been fully described (Williamson, 1887; Williamson & Scott, 1895) 
and need not be recapitulated here. The species is remarkable for the great 
development of the phloem, sometimes equalling that of the secondary wood, 
and for the characteristic form of the main phloem-rays, dilated outwards 
like those of the Lime Tree. The specimens are among the most beautifully 
preserved of petrified plants, so far at least as the stelar tissues are 
concerned. 

Only three points demand our attention—the course of the leaf-traces, the 
adventitious roots, and the specific distinction from other members of the 
genus. 

The Leaf-traces. 

No satisfactory account of the cour&e of the leaf-traces has ever been given. 
Williamson, in his original description of the species, mentions and figures 
“a&cending vascular bundles grouped in pairs’"’ (Williamson, 1887, p. 290), 
and further speaks of ^‘the twin bundles going ofi to what, both in this plant 
and the allied Heieranfium Grievit^ I presume to have been petiolate leaves ” 
(?. c, p. 293). 

In our joint memoir (Williamson & Scott, 1895, p. 766) it was recognised 
that the tN\in bundles with secondary wood just leaving the stele, already 
figured by Williamson in 1887, represent a double leaf-trace. Thus the 
trace was shown to start as a pair of distinct bundle^. On the other hand, 
the conjecture that ‘‘the twin bundles may have completely fused on entering 
the leat” has proved to be incorrect. The roveise is the case. 

Bejmnd the fact that the leaf-traces w^ere double, notlung definite was, in 
fact, established as to this part ot the anatomy of //. tiboaides. 

Thanks to the kiml help of J^rof. F. W. Ulivt'r and Prof. F. E. Weiss in 
lending slides from their collections, I have been able to examine most, if 
not all, of the sections of this species in this country. Good as the sections 
are for anatomical detaih, the material is not particularly favourable for 
following the course of the leaf-traces. This is owing partly to the absence 
of continuous series of sufficient length and partly to the fact that in this 
species the cortex i» usually the worst-preserved region of the stem, so that 
the leal-tracer are imperfectly shown in the outer })art of their course. Btill, 
it has been possible to determine the essential points. 

The sections of //. tiliueoides which have come under observation appear to 
belong to four distinct stems, reckoning only those wdiicli clearly belong 
to this species. Three of these are represented in the Williamson Collection, 
and sections from them are described and figured in his original memoir of 
1887. These may be regarded as types. The fourth specimen is represented 
in my own collection and that of tlie Manchester Museum. A synopsis of 
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all the sections known to me is given in a footnote The four stems will 
be shortly referre<J to as 

Specimen 1 (Williamson, slide 1301 etc.). 

Specimen 2 (Williamson, slide 1302 etc.). 

Specimen 3 (Williamson, slide 1620 etc.). 

Specimen 4 (Scott, slide 1323 etc.). 

Specimen 3 is the only one which affords a fairly long series of trans¬ 
verse sections. I have succeeded in determining the order of the 10 sections 
(from various collections) and find it to be as follows,/rom l/elow upwards :— 
Q. 60 j R. 658; Q. 59 ; N. 12 ; W. 1620 ; W. 1624 ; W. 1623; W. 1625 ; 
Q. 58; R. 634. 

Two l(‘af«traccs are shown ; the divergence between them would be con¬ 
sistent with a § phyllotaxis. At the bottom of the series the inner trace (T. 1) 
is scarcely beginning to leave the stele; it consists of two distinct strands 
which, however, are here almost in contact lat(u-ally (IM. 3. fig. 8, from the 
4tli section). As they [lass out through the perieycle they separate rapidly? 
and gradually lose their own secondary tissues, while those of the stele close 
in behind them. At the top of the series (the ninth section, Q. 58, is the last 
which shows this trace completo) the bundles are 2 mm. apart and are in the 
middle of the peric\cle, in which they cause two marked projections. They 
show, however, no sign as yet of further division. 

At the bottom of the seri<‘.s the outer trace (T. 2; is about as advanced as 
the inner trace was in the uppermost .section. In the 2nd .section the two 

♦111 the following list the letter W. indicates the Willittmfton (VdlecHon in the Britisli 
Museum (TS'iitural llistorv); the letters Q A: it. the collection^) of the Manchester Museum, 
Q. being the ('ash, U. the llich ('ullection: S. indicates my o^^n collection; and N, that of 
the Botanical Department of DuivenNity (’ollege, JiOiidon {Heteramjium slides). 

Specimen 1.—2 transverse sections, \V. 1301; U. 032. 

Specimen 2.—0 transverse and 7 iongitudimil sections. 'JVaiisver-e: VV. 1302,1303,1019; 
Q. r>5, li. 004; 8. 237. Longitudinal; W. 1304, 1021, 1022, 1(>27, 1028; Q. 50, 
It, 031 (y). All these sections appear to be from the sume stem, a point not 
recognised in the joint memoir (Williamson and 8eott, 1895, p. 778). 

Specimen 3.—10 transverse sections: W. 1020,1023, 1024, 1025, Q. 58, 59, 60; H. 034, 
068; N. 12. 

Specimen 4. -2 tran*4^erse and 2 longitudinal section^). Tiansvi'rse ; IL 033; S. 1323. 
Longitudinal: S. 238, 1324. 

The order of the transver.se sections, so far as it could be determined, is given in 
the text. 

The above list is limited t<» .stem^ troiu Halifax. There is a Dulesgate hpecini^n (slides 
8. 025 & 11.089) which bears some resemblance to 11. tihaouh'i^ but seems to be really 
referable to H. Lomaxii (see pp. 77, 79, 82). 

A small stem from llalifsx, collected by the late Mr. Spencer (sections 8. 239, 8. 1322; 
N. 2 «, N. 2 6) may be a young specimen of the same species. 
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bundles are quite in the outer part of the pericycle, each occupying a very 
marked protrusion of this zone. They are about 1*3 mm. apart, and each 
bundle is tangentially widened and slightly concave on the outer surface^— 
indications of approaching division. The bundles are shown in fig. 8 from 
the 4th section (N. 12) whore the pericyclic bulges are very prominent, and 
the preparations for division of the bundles evident. Two sections higher up 
the bundles have left the pericycle altogether, and are now in the ill-preserved 
coi’tex. The further changes consist chiefly in the progress of division in 
each bundle. The trace is shown in fig. 9 from the 9th section (Q. 58), 
where each bundle is distinctly double*. 

This series shows, then, that the trace leaves the stele as a pair of bundles, 
wliich become widely separated as they })ass outwards, and that each of these 
diWdes into two in the cortex. But the complete division of the two bundles 
into four is not shown. 

This series, however, is of additional interest from the fact that three 
of the sections contain a detached petiole (PI. 4. Kg. 10). The preservation 
is imperfect but the structure is fairly shown. On the outside is a rather 
narrow hypoderma of the type, with the sclerenchynia exceed¬ 

ing the })arenchymatous bands in extent. The iarge-celied groiuid-tibsue 
contains two sclerotic ])atches, in one of which the cells are ranged in rows. 
There are also some scattered elements with contents, which resemble the 
so-called secretory sacs of the stem. 

The petiole measures about 6x2*5 mm., and has one side flat, the other 
convex. The important point is that it contains four distinct bundles (shown 
in all the sections). They have been displaced by the intrusion of Stigmarian 
rootlets, but appear to have been in two pairs, those of one pair furtlier apart 
than those of the other. The xylem of the bundles consists of a mass of 
large trachoides, with a band of smaller elements on one side—exactly like 
the strands in the petiole of li. sliorense {cf, fig. 8). The organ ib obviously 
the petiole of a Ileterangium^ and there is no rea.son to doubt that it belongs 
to the stem with which it is associated. Its dimensions relative to the stem 
are about in proportion to those in the Shore plant (if. shorense^ stem 
18 mm., petiole 12 x 5*5 mm.; //. tilmoides^ specimen 3, stem, if complete, 
about 10 mm., petiole 6x 2'5 miii.). 

This specimen, then, establishes the strongest presumption that the petiole 
of H. tiluroides contained four distinct vascular bundles, confirming the 
evidence for a quadruple leaf-trace derived from the stem. 

To complete the proof it is clearly desirable to observe the structure 
of a leaf-base still in connection with the stem. This is shown, though 

♦ One of the double bundles is figured by Williamson (1887, pi. 22. fig, 7) from W. 1628, 
tbe 7th section. 
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imperfectly, in a section (S. 237) of specimen 2 (PI. 1 . Phot. 3). This is a 
large stein, quite If) inm. in diainetor when coinplote. Though the internal 
tissues are so ailminiiily presorvcd, the cortex, as usual, is in a fragmentary 
state. 

Ap uirof bundles is very beautifully >hovvn just separating from the stele 
(PL 1 , Phot. 3, T. I; cf. Phot. 5). Far out in the pericyclc is another pair 
(T. 2) very widely separated, the interval between the strand^ being nearly 
4 mm. These bundles show some signs of division. What chiefly interests 
us is the presence of an evident, though })adly prosfTvod leaf-base, pro¬ 
jecting far out from the stem and beginning to he marked off at the sides 
by internal bands of sclerencbyma (Phots. 3 & 4). The whole is much 
damaged, hut in the middle part tlie continuity of the tissues is preserved. 
The tangential width of the leuf-haso is about 7*5 mm. Towards one side 
of ihe leuf-haso and in its inner part is a distinct pair of bundles ; the two 
strands are about 200 /jl apart and separated by ground-tissue. In a corre¬ 
sponding po-^ition on the op[)osite side are the remains of another })air ; one 
of these strands is fairly preserved, the other partly destroyed (Phot. 4, vJ).). 

The leaf-base, so far as j)reservod, shows the usual Heteranginm structure, 
with a rather narrow liy]>oderinn and largo plates of sclereides in the ground- 
tissue. This specimen proves that four bundles, in two pairs, entered the 
leaf-base, and thus <*onfiriiis the evidence of the (h'tachod j)etiole associated 
with specimen 3. 

It may he menlionod that in the section AV. 1302, which appears to have been 
cut just below S. 237, two j)airs of bundles are shown in the cortex which are 
prohaldy the same as those which pa.^s out into the leaf-base just described. 
Both pairs are shown in Williamsoirs fig. 1 (lh87) (one pair is marked i(\ 
the other, not specially lottert‘<l, lies on anti below the line p). The bundles 
shown in Williamson's lig. on a larger .scale, appear to be the former pair. 

The main j)oints in the course of the leaf-tra(‘es ar(» now clear, but it may 
be well to summarise the evidence from the remaining >ec<ions. 

The transverse sections of specimen 2 art* not in a series, hut appear to run 
in pair.'^ f. The sections IL 054 and W. 1303 come next eacii other, the 
former being below the latter. In 11. 054 two traces are shown ; the inner 
is the ))air just leaving the stele, shown in Phot. 5. The phase is almost the 
same as that of the corresponding pair in S. 237 (cf. Phot. 3) ; a bettor 
example could not be found. The two bundles of the trace are quite distinct 
us regards their [>rimarv xyleiii, hut close together; they are separated from 

• This is the magnificent spucimou from sections of which most of the figures of 
if, tilimides in Williamson's memoir of 1887 were drawn. 

S. 287 was cut for me by Mr. F. Chapman from the oiiginal block, next to W. 1302 
shown in Willianiflcm’s fig. 1 (18S7). 

t AV. 1802 and S. 287 have already been dealt with. 
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the metaxylem of the stele by a few layers of conjunctive imrenohyma, in 
which some tangential divisions have taken place. The secondary wood 
proper to the double leaf-trace is still continuous, but the arcs corresponding 
to the two bundles are already evident. Most of the phloem is perfectly 
preserved ; it about equals the secondary xylem in thickness. 

In tbe outer part of the pericycle there is a second trace; the two strands 
are wide apart (about 4 mm.) and each is preparing to divide. In the next 
section (W. 1303) the inner trace has moved out into the pericycle ; the two 
strands are now diverging, each has its own arc oE secondary wood and bast. 
These bundles were admirably figured by Williamson (fig. %5, 1887) at a time 
when their leaf-trace nature had not yet been recognised. The outer trace 
is hero in the cortex, but only fragments are preserved. 

The two sections W. 1619 and Q. 55 are similar and must have been cut 
*^near together, but I cannot exactly correlate them. In W. 1619 no leaf- 
trace is starting from the stele—the appendage shown is no doubt an adven¬ 
titious root (figured by Williamson, fig. 13, 1887). Two double bundles are 
seen in the cortex, just beyond the pericycle. They are about 6 mm. apart, 
but may have been displaced ; they probably belong to the same trace. 
Q. 55 shows two leaf-traces. The inner is in the pericycle—one strand has 
been displaced. These bundles have almost lost their arcs of secondary 
wood, and are therefore at a more advanced phase than those described in 
W. 1303. The other trace is represented by a double bundle in the cortex— 
the corapaTuon pair is no doubt lost, for much of the cortex is destroyed. 

Of specimen 1, I only know of two sections, one in the Williamson and 
one in the Manchester Collection (W. 1301 and R. 632). Both are trans¬ 
verse and cut close together, R. 632 being just above W. 1301. The specimen 
is exceptional as regards preservation, for the cortex is fairly preserved, 
while^^ pericycle is almost destroyed. W. 1301 shows three leaf-traces 
and'^jWJmse. The innermost (Trace 1) consists of a pair of strands, 
sepgtilpa by some conjunctive tissue, about to depart from the stelc. A pair 
of widely diverging bundles (Trace 2) is seen in the pericycle, and a damaged 
one (Trace 3) in the cortex. The leaf-base or petiole in connection with the 
stem was described in the joint memoir by Williamson and myself (1895, 
p. 763). Only one bundle is shown, but, as the section of the petiole is 
longitudinal, this proves nothing as to the total number present. The 
conjecture as to fusion of bundles was certainly wrong, as shown by the 
ovidence from specimens already described (p. 68). 

The other section, R. 632 (Phot. 2), shows the same leaf-traces. Trace 1 
has scarcely moved. The two strands, though only just separating from the 
wood of the stele, are about 370 apart, showing clearly that the bundles are 
distinct at their origin. Of trace 2 only one bundle is preserved ; it lies on 
the border of pericycle and cortex, and is dividing. Trace 3 is in the inner 
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cortex ; all four bundles are shewn, forming two pairs, about 2*5 inm. apart. 
The strands of each pair are quite separate, with about 200 of cortical 
tissue between them. The section is important, as proving the complete 
division of the leaf-trace into four while in the cortex ; unfortunately one of 
the pairs of bundles is damaged (see Phot. 2). The attached leaf-base is 
still shown, but no bundle is visible. The three traces and leaf-base mark 
the position of four successive leaves: their arrangement is in agreement 
with a ^ phyllotaxis. 

There are two transverse sections of specimen 4 (S, 1323 and R. (533); 
they were cut near together. It is a beautiful specimen of a young stem, 
showing all the stelar tissues perfectly (PI. 1 . Phot. 8, & PJ. 4 . fig. 12), but, 
owing to the loss of the cortex, is not of much value for the course of the leaf- 
traces. In the not quite complete sections two traces are shown, both in the 
pericycle. In the lower section (S. 1323) the inner trace (T. 1) lies in 
the inner part of the wide pericycle, and consists of two bundles nearly 1 mm. 
apart. They have no secondary wood at this level, but it is not much 
developed on the stele itself. Behind them the stelar wood is beginning 
to close up in the form of small tracheides, which for the most part run 
horizontally. The outer trace (T. 2), at about jf divergence from the former, 
lies in the extreme outside of the pericycle, which forms a great protrusion 
round each of the two bundles ; they are over 2 mm. apart (Phot. 8). In 
the npper section (R. G33) the vtrands of the inner trace are about 1*5 mm. 
apart, but there is otherwise little change. 

Taking the whole of the evidence from the four specimens, we arrive 
at the following conclusions regarding the course of the leaf-traces in 
II. iiluvoides. 

Two distinct strands start from the stele to form a leaf-trace. Each has 
at first its own secondary tissues, which it loses in traversing the pericycle. 

The strands diverge rapidly, and before the pericycle is passed each begins 
to divide. The division is completed in the cortex, and four bundles enter 
the leaf-base and petiole. It will be noticed that the facts are essentially 
the same as in II. shoreline, except that in H. tiliuoides no further subdivision 
of the four bundles in the petiole has been observed. This may merely be 
correlated with the smaller size of the specimen. The phyllotaxis appears 
to be 

Adventitious Roots. 

The evidence as to the roots of Heterangium is meagre It is therefore 
of interest to find that in H. tilicpoides the structure of the root can be deter¬ 
mined with a near approach to certainty, a point not hitherto noticed. The 
best evidence is provided by specimen 3. At the bottom of the series 
(Phot. 7 ; section Q. 60) the stem bears an appendage (n) embedded in the 
• See WilliamaoD & Scott, 1896, pp. 704, 765; Scott, 1909, p. 410. 
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cortex, wl)ioh from its structure is evidently an adventitious root. In the 
2nd section a similar root (PI. 1 . Phot. 6, r.an.) is shown still connected with 
the wood. Imine<iiately to the outside is a free root cut transversely ir.). 
Tt is tetrarcb, witli a considerable amonnt of secondary wood, and most of the 
cortex is preserved. This root reappears in the next two sections, but its con*^ 
nection with the stem is not shown. It agrees, however,as nearly as one can 
expect, with the root-base attached to the stem, and there is little doubt that 
the free root also belongs to the latter. The drawing (PL 4 . fig. 11) is taken 
from the 4th section (N. 12). Here also the root seems to be tetrarch, the 
four protoxylein-groups corresponding to four principal rays. The secondary 
wood is well developed. Where it is cut somewdiat obliquely the tracheides 
show the multiseriate pits on their radial w^alls as in the stem. The cortex 
contains a certain number of cells with dark or brown contents. So far um 
can be observed, the structure of the root is of the Kaloxylon^^ type. The 
characteristic double peripheral la 3 er is not shown, hut may have been lost. 
The connection witli the stem of //. tilmoides, though not strictly proved, is. 
as we have seen, beyond measurable doubt. 

A >erv clear root-base in conne(‘tion witli another specimen was figured 
b^*^ Williamson (1887, pL 23. fig. 12). The appendage shown in his fig. 13 
was no doubt of the same nature. 

Specific charactets. 

Nothing is more difficult than to fix the value of anatomical characters in 
discriminating species, especiallj^ in the case of petrified specimens, where 
practically no other characters are a\ailahle. 

Ileieranyinm iilufoides is most prohahly distinct from the other forms 
described in this paper, but an anatomical diagno»i> is not eas}'^ to draw up. 
A few characteristic points may be recalled. 

The primary wood has the tracheide-^ grouped in packets, not unlike those 
oi H. shoreiue, but on the whole less legular (Phots. 2, 3, (>, & 7), 

The pits on the tracheides both of the metaxylem and secondary wood 
commonlj" have a marked spiral arrangement, often with definite spiral bands 
between the rows of pits (Williamson & Scott, 1896, p. 7G4). 

The gieat development of the phloem and the presence of large dilated 
phloem-iav'j are perhaps the chief chaiactors, but are ot course only recog¬ 
nizable in the more advanced specimens'^. The phloem may equal or exceed 
the secondary wood in thickness. Thus, in specimen 4 (a young stem) the 
secondary wood is about 160/i thick and the phloem about 200/4 at the 
same place; at another point they are just equal (245 /4). In an older 
stem (specimen 2) the secondary wood ranges from about 570 /4 to 900 /4 
in thicknevs, the phloem from about C50 /4 to 740 /4. 

* For example, thej do not help us in determining whether JT. ihofen$e (a yoang specimen) 
is really distinct. 
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The pericycle is very wide, 820 to 900 fx, in tljo young specimen 4 
(Phot. 7), and I’l to 2*2 min. in the more mature specimen 2 (Pliot 3). 
The cells are very frequently found in a state ot‘ division, esjiecially in the 
inner layers, so no doubt this zone grew with the growth of the stem. The 
pericyclic scloreides are chiefly found in the inner portion ; their extent 
varies much in the different specimens. 

The fact that the pericycle is usually better pre^served than the cortex 
(almost wholly lost, for example, in specimen 4, otherwise so perfectly 
preserved) might be thought to indicate some structural pecnliarity. But 
specimen 1, as we have seen, is an exception, and, where the cortex is found, 
it has the typical Heterarujium structure, wdlh })latcs of sclereides in the 
ground-tissue and a “ Sparganwn hypoderma, but not very strongly 
developed. 

The course of the leaf-traces has already been dealt with; while, differing 
conspicuously from the monodesmic type represented by the Lower Car¬ 
boniferous //. (Jrievii^ it agrees essentially with that of other Coal-Measure 
forms. The rapidity with which the leaf-traces were given off varies with 
different specimens. Thus, in specimen 3 there are never more than two 
traces shown in the transverse section, while in specimen 1 there are as many 
as four, if we include the leaf-base attached to the stem. It may be worth 
noting that in //. fllvroides the two strands of the trace, svhere they leave the 
stelar wood, are near together, though distinct; in some other Coal-Measure 
forms they are much wider apart to start witli ; this, however, affords no 
certain specific distinction. 

It is not perfectly certain that the stem described as H, sftorense may not 
be a young specimen of II. tilhroides, hut there are several small distinctions, 
such as the inoro regular grouping of tht* metaxylem tracheides in IJ. shorense^ 
the apparently narrower pericycle with sclereides at tlie periphery, and the 
division of the leaf-trace into eight in the petiole. As the localities are 
different, //. tUifPoides coming from the Halifax Beds and IL shorense from 
Dulesgate, there is no presumj)tion that they are identical, and it is better to 
keep the two distinct. The following diagnosis may bo given :— 

lleteravyium tili(voide^\ Will. 

Stem from about 10 mm. to about 16 mm. in diameter. 

Primary wood arranged in more or less definite packets, separated by 
parenchyma, 

Tracheides often with a spiral band betw^een the pits. 

Secondary phloem much developed, often equalling or exceeding the 
secondary wood in thickness. Phloem-rays much dilated. 

Peripheral xylem-strands and leaf-trace bundles inesarch, with little 
centrifugal wood. 

Pericycle broad. Sclerotic tissue present both in pericycle and cortex. 
LIKN. JOXJRN.—BOTANY, VOL. XLIV. G 
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Leaf-ttace consisting of two bundles where it leaves the stele^ dividing 
into four in the cortex. Four bundles in the petiole. Number of traced in 
the transverse section from two to four. Traces traversing the stem for a 
long distance befoie passing out. 

Locality* Halifax Hard Bed, Lower Coal Measures. 

Hbterangium Lomaxu, WML in MS. 

Williamson, in Ins 17th Memoir (1890, p. 96), states, under the heading 
Heteranyium Orieni^ that Mr. Lomax had found specimens of the same plant 
from Dulesgate in Lancashire. He proceeds: But along with these he 
brought from the same locality a scries of sections of what at first seemed to 
be a different species of Tleteranginm. But long and careful comparison of 
all the examples of that genus in my cabinet convinced me that the supposed 
new forms were merely the II. Grievii in a }ounger state of growth.^^ 

The specimens figured and shortly described in the memoir referred to 
are those in the “younger state of growth’^ (Williamson, /. e. pis. 14, 15. 
figs. 14-18), which Williamson at first regarded as distinct. He did not 
describe the other, more advanced form, which he had alwajs considered as 
dimply IL Grierii. In the joint memoir (Williamson <fe Scott, 1895) the 
Dulesgate forms are only reterred to incidentally, hut both the jounger and 
more advanced conditions are illustrated for special points (/.e. pi. 26. fig. 21; 
pi. 27. figs. 28, 29). It was no doubt to the younger and more peculiar 
form that Williamson's unpublished MS. name of II. Lomnxh was intended 
to apply. In the joint memoir we also described and figured “ a lleferanginm 
of uncertain species,’^ from Dulesgate, and provisionally named it II, cylin- 
dricum (1. c, p. 764, jd. 28. figs. 30, 31). 

There are therefore three forms of the Dule'^gate Hetorangiums wlii<'h 
have already been recorded. 

1. The young btems with little or no secondaiy thickening. This form 
will be called a (PI. 4. figs. 16, 17). 

2. The older ‘stem*-, witli vs ell-marked secondarj ti'-sues, resembling 
II. Grievii^ now to be called the S form (PI 2. Phots. 9, ] J, 12, 13). 

3. Tlie bO-calh'd Jleterarujiuvi cylvulrinim^ (PI. 2. Phot. 11). 

After careful comparison of all available sections I liave come to the con¬ 
clusion that all the above, including one or two minor ^ariants, belong to one 
species (of course, (juite distinct tiom the Lower Carboniferous //. Gfievit), 
to which the name Jl. Lomaxii is collectively ajiplied. The only Dulesgate 

^ All the specimens ot the«te three forms appear to have come from one coal-ball. This is 
Mr. Lomax^ lecollection, and it is confirmed by the uniform character of the matrix in winch 
the stems are inabedded The single specimen of Hetet angium mimmum (see below ) came 
fiom a different block It is lemarkable that no new specimens of IL Loniaxti have been 
met with since the oiiginal discovery by Mr. Lomax about 1890. The species must have 
been very rare or the conditions for its preservation very unfavourable. 
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Heteranginm which it is proposed to keep distinct is the little stem described 
in a subsequent section of the paper under the name IL minimum (p. 90). 
The reasons for the conclusions arrived at will appear in the course of the 
description. I take the ^ form first, because the best specimens belong to 
it, and it has never been properly described. Its relation to the a form is 
not very obvious, though I think Williamson was right in uniting them. 

IL Lomaxii^ Form 

The specimens of this form are associated with those of the a form and of 

fL r^lindricum,^'' All aj)pear to have come originally from the same block. 
I have enumerated in the footnote * seven specimens of the form, though 
more than one may possibly belong to the same stem, as in the case of 5 and (5. 

The preservation of the outer tissues is seldom so compleie as to render 
any very accurate measurements of the stem practicable. Koughly speaking, 
the dimcMisions of the different ‘specimens lauge from 17 x10 mm. to 
7x4 mm., or, allowing for compression and distortion, the diameter may be 
Slid to \arv from about 13 mm. to about 5 or 0 mm. 

The general form of the -tern, to judge from tlit‘ l(*a&t-distorted specimens, 
s(*eins to liave been nearly (‘vlimlrical. The leaves ap| ear to have been, as a 
rule, borne on the stem at long inter\aU, For many of the sections show 
the trace of only one leaf, and unfortunately no section ha})|>ens» to pa^s 
through an e\ iilent leaf-ha'^e in connection with the stem. The best-preserved 
specimen is No. o (PI. 2. Phot ]3>); from the consideralde lievelopment of tlie 
phloem, tills stem at fir^t sight recalls //. filufaides, hut from its structure 
must lx* referred to IL Lo}na.vii, 
riie 

The more or compressed primary \\o<xi \aries in the different specimens 
from S X 2 mm to 3 x 1 mm.—“ay. from 4 or 3 mm. to about 2 mm. in diameter 
if restored to its pr(‘smnai)l\ c^Jindrical natural form. Its size is by no 
means ah\a\s proportional to that of the st<*m, o\^jng to large difference^ 
in the development of the s(*condar\ tis.siies. 

Th(‘ arrangement of tin* nictuxyl(‘ni traeheide^ i^ not \(‘ry regular (Pi. 2. 
Idiots. 9, 1:2), tlie groups being less ilefinite in form and mzc than those of 

* For refcrpiice letteiM H*e xbine, p. (>7. 

Speamtn 1.-7 transvei"<esectiinis: W. 191o, lOlo A, lUloP, Q, Q. 11; S. 417. 

Spcchnen trans\eise s?e(*tions: \V. I9ir> II; (U: S. Uo. 

Specimen ti—7 tvansvevwe sectitais; \V, |."’>04 A, JlM.*) P; ii. 021 ; S. 444, 440: N. 7, 

The loiijiitiuliiial sections \V. lUiri(T and 1015 li probably bdoii^ to tlii^ specimen; po^‘'ibly 
JL 0^38 also. 

Spcciniep 4.—2 transverse section^: W. 1915 K; K. 045. 

Specim<m 5.-2 traiisvevpe sectiiun: H. 0;i0; S, 025. 

Specimen 0.—3 trausver.-e sections: W. 1015 1). 1015 K, and piobably N. »). 

Specimen 7.—2 incoiuplete transverse .set'tioiis: It. 1057; N. 8. 

Where necessary, the order of the H*ctions iu a serie-i is given in the tevt. 

G 2 
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77. sliorense or even if. tiliceoides. Sometimes (as in specimen /), Phot, 13) 
the amount of xylem-parenchyma is considerable. The peripheral xylem- 
groups are ver^’' distinct, the radial bands of parenchyma between them being 
continuous with the principal rays of the secondary wood (PL 2. Phots, y, 12; 
P1.4.fig. 13). In this point the present species agrees with U. tilmoides and 
JL sliorense and differs from the Lower Oarboniferous II, Grievn, in which 
the peripheral strands are less isolated and the secondary wood not divided 
up by principal rays. 

Another feature of if. Loma.t?tV, which it shares with other Coal-Measure 
formvS, is the position of the protoxylem, which lies very near the outside of 
the primary xylem, with only one or two centrifugal elements before the 
secondary wood is reached. Thus the peii})heral xyleni-strands, though still 
niesarchj are approaching an exarch structure (see Phot. 10). This, again, 
is a marked difference from //. Grievii^ where the centrifugal part of the 
primary wood is considerably more developed (see Williamson & Scott, 
1895, pi. 26. figs, 24, 25 t)- The position of the protoxylem in IJ. Lomaxii is. 
well shown in longitudinal section in PL 4 , fig. 14, where the laxly coiled spiral 
element, which is no doubt the true protoxylem, is succeeded to the outside 
by a single, more closely wound spiral tracheide, beyond which the wood 
appears to be secondary. On the in^'ide the pitted elements are reached at 
once. Often, however, there is a little parenchyma on the inner side of the 
protoxylem. It appears that here, as in Lyginopteris and Heterangium 
Grievii, the centrifugal part of the xylem was the first to be formed after the 
protoxylem. 

Elements with dark brown contents are very frequent in the xylein-paren- 
chyina, the rays, and throughout the stele. Whether they can be properly 
called secretory sacs ” is doubtful. They do not show, as a rule, any special 
elongation as compared with the associated cells. They are best shown in 
the rays, where they run in a radial direction ; here their contents are some¬ 
times in the form of a mass of granules, simulating altered starch-giains, 
but very variable in size. The ^‘secretory ” elements were mentioned in the 
joint memoir as characteristic of the Lulesgute specimens $. 

The secondary wood varies greatly in amount, not only in the different 
specimens, but in different parts of the same specimen ; it sometimes attains 
a very considerable development. Thus, in specimen 5, the thickness of the 
secondary wood ranges from 0*61 to 1’64 mm. (PL 2. Phot. 13). In specimen 1 
the range is even greater, varying in one transverse section (S. 447 ; Phot. 9) 
from 0*3 to 2*58 mm. The excessive thickness at certain places is correlated 
with the presence of adventitious roots, as was already remarked in the joint 

* In the latter, the specimen is too young to show the relation to the principal rays. 

t This distinction was noted in tlie joint memoir, /. c. p. 750. 

X Williamson A Scott, 1896, pp. 748, 762. 
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memoir of 1895*. In other specimens the secomlar} growih Ijas made little 
progress. Thus in a section (W. 1915?) referred to specimen 3, the thick¬ 
ness ranges from *08 to *3 mm. only, and in specimen 2 it is about the same 
(see n. 4. fig. 13). These relatively young specimens are of interest for com¬ 
parison with the unthickened stems included under our form u (see page 85). 

As is usual in Ileterant/iinn, the first-formed elements of the secondary 
Mmod are considerably smaller than the primiir}^ metaxylem tracheides, 
further out, if the growth is continued, they generally become larger, 
though seldom reaching the size of the largest primary tracheides (see PI. 2. 
Phots. 9 and 13). Local tangential bands of exceptionally narrow tracheides 
are frequent. 

The structure of tl»e secondary wood is like that of other species of 
IleteraiKjiiun, The tracheitles have the usual multiseriate bordered pits on 
their radial walls. Where, however, the elements are very narrow, the 
number of ro\KS may be reduced to two or even, locally, to one. Where the 
pits are well preserved, we see that the border has a nanow inclined slit. 
In places the pits show traces of a spiral arrangement, but the definite 
spiral bands noticed in i/. iiliaoUlfs have not l)een observed here. 

As 1 have seen no good tangential section it is diffienlt to say anything 
definite about the structure of the tangential walls, (^ertainly the pits are 
very few h(‘re com])ared with those on the radial walls, but there is evidence 
for tlje oocurremeo of scattered tangential pitsf* 

The principal rays—those corresjionding to the intervals between the 
primary xylem-strands—are of considerable width, amounting to 9 or 10 
cells in the larger sj)ecimens. The secondary rays vary much in width and 
in some cases appear to he iiiiiseriate. The principal rays are occasionally 
divided up by intercalated tracheides, at some distance out, and, conversely, 
new rays appear as the wood increases in thickness. The rjiy-cells are thin- 
wall<*d and much elongated in the radial direction. 

The phloem is fairly preserved in one case only, specimen 5 (see Phot. 13). 
It here attains a maximum thickness of about ()’8 mm. I have not found such 
marked dilation of the phloem-rays as characterizes //. tilUeoiden, The 
secondary phloem consists for the most part of fairly large, radially arranged 
elements. A small-celled irregular tissue sometimes preserved on the outer 
border is no doubt the primary phloem. In the absence of satisfactory 
longitudinal sections no details of the phloem-structure can be given. 

The pericycle forms a broad zone, and is often better preserved than the 
cortex, as in 77. tilupoides (Phots. 9, 12, 13). Its normal width, apart from 
bulges where bundles or roots pass out, is about 0‘fi mm. in specimens 1 
e.nd 6, where it is best shown. 

* Williamson & Scott, 1896, p. 767. 
t (y. Williamson k, Scott, 1896, p. 762. 
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Sclerotic groups are trequent in the pericycle: in most stems 1:!bey are 
quite conspicuoos ; in specimens 5 and 6 they are not so easy to but 

this seems to be only because their oell-'Uralls are less thickened^ The 
solereides are short elements, but (to judge from the longitudinal section 
R* 638) appear to form vertical strands of considerable length# The perioyolie 
parenchyma consists of short cells, many of which have the dark contents 
above referred to. 

On the outer border of the pericycle tangential divisions have sometimes 
taken place, giving rise to a tissue resembling an internal periderm, such as 
we find in Lj/ginopteris This is best shown in specimen 1 (e, gr., S. 447). 

The cortex is well preserved in certain cases, though often the parench)- 
matous part of the inner zone has perished, with the result that the 
Sparganum hypoderma is sometimes stripped off. When the parenchyma is 
preserved it consists of large, short, thin-walled colls. Here, in other 
species, the sclerotic plates of the inner cortex are a conspic uou-^ feature. 
Their Transverse diameter may be as much as 1*4 mm. In the descriptions 
previously given they are confused with the coi responding sti uctures in the 
true H, Gnemi^ ; in reality those of H. LomaAi are quite distinct. They 
here form massive blocks, rather than plates, reaching a thickness ot about 
15 cells and 0^6 mm. In the middle part the cells are flat and Ihick-walled, 
while towards the upper and lower edges they become longer, with thinner 
walls. All the cells are regularly ranged in vertical rows (see PI. 4. fig. 35). 
Corresponding to their bulky form, the sclerotic mas«*es aie rathei widely 
spaced. In Ih Griem the plates are much thinner and seldom more than 
lour cells or about 0*2 mm. in thickness ; they are also nioie numerous. The 
contrast is striking if one compares fig. 15 in this papei with Williamsorrs 
figure of H. Grievii (Williamson, 1873, pi. 29. fig. 32). //. tilxceoides is 
intermediate in these respects (Williamson, 1887, pi. 22. fig. 11). As regards 
the sclereides themselves, the apparent thickness of thoii cell-walls varies 
much. In some cases it is probable that the walls were not reallj as thin 
as they appear, the thickening layers originally present having become altered 
and ob‘'Cured. 

The parenchyma of the inner cortex consists of rather large, short or 
slightly elongated, thin-walled cells. The Sparganum hypoderma J, oi outer 
cortex, varies a good deal in the different specimens. As a rule, we find the 
usual alternating radial bands of sclerenchyma and parenchyma ; the former 
are commonly broad and not much elongated radially, and thus quite 
different fiom those of IL Griemi §. The bands sometimes anastomose. In 

* Williamson & Scott, 1895, p. 718, pi. 21. fig 1 \ pi 22. figs. 5-7. 

t As in Williamson & Scott, I c, p. 763. 

X The name^^hypoderma,'" though commonly used, is not strictly correct, for the Sparganum 
zone does not border immediately on the epidermis 

§ Of. Wilhamson, 1873, pi. 28. fig. 30; pi. 29. fig. 86 
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the younger stems the parenchymatous strips are narrow ; as the stem 
increased in thickness they widened out somewhat (Phot. 9). In one stem- 
(specimen 5 ; PI. 2. Phot. 13) the Sparganum structure is absent; all the tissue 
of the outer cortex, so far as preserved, is thin-walled, and there is little sign 
of any differentiation. The stem is in an advanced stage of growth, so this 
peculiarity cannot bo explained by youth; possibly this specimen may have 
been a rhizome or underground portion of the stem. 

Beyond the Sparganum zone, where it is normally developed, we find two 
or three layers of cells larger than the sclerenchymatous fibres; they may 
have either thin or thick walls—the latter especially where they abut on 
sclerenchyma. In longitudinal section they are foiiiuJ to be elongated, but 
differ from the fibres in having transverse end-walls ; their contents are often 
carbonaceous. 

Lastly, we come to the epidermis, consisting of rather small and thick- 
walled cells, often remarkably well preserved. 1 have not, however, succeeded 
in detecting any stomata. 

We have now completed the description of the stem-structure, apart from 
the loaf-traces. At every }>oint there are difl’ereiices from the Lower 
(Carboniferous //. (irieviij and when once the comparison i& made no con¬ 
fusion between the species is possible. The relations of //. Lomaxii to the 
contemporary JL tiliceoides are much closer. 

77te Leaf-traces. 

The distribution of tlie vascular bundles sn[>plying the leaves is perhaps 
the most important {)()iut in the anatomy, and 1 iuj> not previously been 
investigated in //. Loma.rii, The different specimens ol the y8 form sliow 
some variations in this respect. We wdll begin with specimen 1, ot which 
there is a series of 7 transverse sections ; the order from below upwards 
appears to be as follows ; 

S.447; Q.G; W.J9i:)C; Q. 11 ; W. 1915; W.19J5B; W.1915A. 

There seems to be a gup belw^een W. 1915 and W. 1915 B, hut I believe 
that the same leaf-trace is present throughout the serie*^. 

In the lowest section (S.447; P1.2.rhot 9) there are two large bundles in the 
pericycle, 2*5 min. apart*; each bundle causes a marked bulge in the pericycle; 
on the inner side only one or two layers of cells invervene betw'een the bundle 
and the ill-preserved phloem of the stele No other leaf-trace is present, 
and the two strands are both in the same phase ; it therefore seems clear that 
both must belong to one and the same leaf-trace, for if they were two separate 
traces one would be further out than the other, and additional leaf-traces 
would be shown in other parts of the periphery. It might, indeed, be imagined 
that we have to do wdth a dorsiventral axis, the leaf-traces being given off 
from one side only as, e. in llelminthostachys ; in tliat case it is very unlikely 

♦ The clear interval is measured from xylem to xyleiu. 
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that Idavos and rooth would l>e borna on the same side o£ the stem^ and^ as We 
shall see presently, adventitious roots eome off in our specimen between the 
two leaf-trace bundles. 

It thus appears that the leaf-trace was a double one, with the two strands 
very far apart. 

The bundles are unu<^ually large, the xylem of each measuring at least 
1*4 by 0*8 lum.; each has a concavity on the outer side and is intersected 
radially by a band of narrow elements (parenchyma?), suggesting an 
approaching divi«tion, which, however, is never carried out within the series. 
In this section the wood is much thickest on the ^^ide opposite tl)e bundles ; 
this is no doubt due to a previous trace, with its attendant roots, having been 
given off in that position at a lower level. The inequality diminishes as we 
proceed upwards, and is finally reversed. 

In the next two sections (Q. 6 and W. 1915 V) there is no change worthy of 
note in the position of the bundles. In the 4th section (Q. 11) one of the 
bundles has been di«iplaoed ; the natural inten h1 had increased somewhat, 
and the strands are also appreciably further out. In the 5th section (W. 1915), 
while the strands are still no more than 2*1 min. apart, they have now 
advanced to a considerable distance beyond the phloem, represented by ten 
or twelve layers of cells. At this level the secondary thickening is almost 
equal on the two sides of the stele 

In the 6th section (W. 1915 B) there is a great change. The same two 
bundles can be recognized, but they have moved much further apart—the 
actual interval is 5 mm., and there does not seem to have been much displace- 
ment. One bundle is cut obliquely, and lies considerably further out than 
the other. The pericycle around the bundles is immensely enlarged (about 
3 mm. thick). Midway between the two strands an adventitious root passes 
out hoiizontally, and can be traced for some distance. 

In the last section of the series (W. 1915 A) the bundles are still further 
separated (6*5 mm. clear interval). One is still much further out than the 
other, about 1*7 mm. as compared with 0*7 mm. from the stele, but not much 
importance should be attached to this difference, as the section is here 
somewhat oblique and the tissues in places damaged. Only the more remote 
bundle shows signs of division. Both strands are here also imbedded in a 
great mass of apparently pericyclic tissue (see PI. 2. Phot. 11). A fragment of 
Sparganim hypoderma is present on the outside, but no other cortical 
tissues appear. The whole mass might be taken for a leaf-base, but the 
bundles are not far out enough for this, and one can Only regard the excessive 
development on this side of the stem as due to the presence of adventitious 
roots. In this section, as in the last, a root (different from the previous one) 

^ It is m this section that the young root, previously %ured, occurs (Willismson k Scott, 
1896, pi. 27. fig 29). It lies on the side opposite the leaf-trace. 
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pd^sses out between the two leaf-trace strands ; in this case its connection 
with the wood of the stem is clearly shown. The wood is here more developed 
on the leaf-trace side than on the other, but is very irre^^iilar and many of 
the tracheides are cut longitudinally. 

It is evident, from the last two sections, that a row of adventitious roots 
was given oflf* between the two bundles of the leaf-trace. This agrees with 
the evidence from a longitudinal section (W. 1915 G) previously figured and 
described *. Here three roots are seen in a vertical series ; ju«t as in the 
transverse sections the pericycle “ has undergone an (‘normous thickening, 
with tangential cell-divisions, around the bases of the roots/^ The anomalous 
development of secondary wood in the same region w’as also mentioned 
and compared to the ‘'reseau radieiftroof Van Tioghem. In a parallel 
longitudinal section f of the same portion of stem, the roots arc missed, but a 
leaf-trace bundle is shown in the corresponding position. This was doubtless 
one of the two bundles flanking the row of roots, as shown in the transverse 
sections. The longitudinal sections show clearly tliat the local hypertrophy 
of the pericycle had nothing to do u ith a leaf-ba'^e, for tlie leaf-trace strand 
show’ll is still running almost vertically and not bending out. 

For the reasons alieady given, I have no doubt that the two bundles 
shown in the transverse series belong to the same trace ; their wide 
separation may be due to the presence of the roots h(‘tween them, and it is 
possible that they may have again converged before entering the base of 
the leaf. 

Throughout the series no other trace-bundles arc given oft*. The seven 
sections, considering the date at which they were cut, would represent a 
length of quite an inch, so we may infer that the leaves w ere widely sjiaced 
with long internodes. 

Specimen 2 (PL 4. fig. 13; S. 445), a smaller stem (about 9x8 mm.), likewise 
shows two bundles only in the transverse section ; th<*y are both at one 
end of the compressed stele, and the interval between them is 1‘6 mm. They 
lie just outside the wood of the stele. No other trace is given oft‘ in the 
three sections of this specimen all of which show^ the same two bundles. 
Between them there are two marked protrusions of the secondary w^ood, 
which appear to be composed of short pitted tracheides. Those are evidently 
connected with the insertion of adventitious roots, wdiich are clearly shown 
in one of the sections (Q. 64). Two of the roots are seen side by side ; there 
may have been a double row, as was possibly the case in the previous specimen 
also^ A huge mass of ill-preserved tissue encloses the roots and bundles. 

* Williamson & Scott, 1896, p. 767, pi, 27. tig. 28. 

t W, 1916 R, 

t The order from below upwards seems to be: S. 446, Q. 64, W. 1916 II, but as the two 
latter are very oblique it is difficult to determine. 
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1x1 (his specimen the arranja^ement was evidentH the saine> in essential^ as 
in speehnen 1, the leaf-trace ]»einj; double, with widely separated strands 
and roots between them. 

Specimen 3 h a little different. In ono section (S. 446) the bundles of the 
one pair shown are only about 0*8 mm. apart; the preservation of the outtr 
tissues is, however, so bad that one cannot be certain that the interval is 
natural. In a better-preserved section, piobably of the same stem (W, 1915 P), 
two bundles are shown \^ell out in the peiic>cle and 1*6 mm* apart; each 
shows signs of divi^ion. There is no certain e\idence for a second trace in 
any of the sections. It is evident that this specimen really agrees with the 
previous two ; if the strands of a trace are sometiiueKS nearer together, this 
may well be due to the absence of adventitious roots betw'een them. 

Specimen 4 is ot the same type. A pair of bundles lies in the pericych > 
V64 mm. apart (in K. 645). Between them a root passing out hori/ontalh 
is beautifully shown. The stem is a comparatively young one ; the secondary 
wood is considerably thickei on the side where the trace and root are, but 
there is not yet any excessive hypertrophy su(h as one finds m older stems. 

Specimen 0, already referred to for the good preseivation of the phloem 
and the absence of Sparpamim structuie, is peculiar in the chamcter of the 
leaf-traces. In the section photographed (S. 625; PL 2. Phot. 13) two traces 
are shown, each consisting ot two bundles. The inner trace (T. 1) is passing 
out tbiough the secondary wood; in thi^* position each strand has its own 
secondary arc. The primary xylem-gioups arc about 1*6 mm. apart, and are 
unusually small, about 300 a* and 240 yu re^spectiveU in tangential diameter, 
about lialf the diameter of those m the smaller stems pievioush considered. 
The primary tracheideo are also small—oni} the ont(T puit of the stelai 
strands appeals to have contributed to thij trace-bundles This trace is of 
interest, for it is the fir*^t one we have mot with in the act ot leaving the 
wood, and it shows that the bundles weie well separated at their first origin 
from the stele 

The outer trace (T, 2, almost opposite the former) i-s in the pericycle. It 
consists ot two sinall strands (about 220 fi in diameter) about 1 mm. apart. 
They have no secondary wood. In the next section (II. 639), which appears 
to have been cut about 7 or 8 mm. lower down the ‘•tern the inner trace has 
disappeared, having completely fused with the stele. The outer trace is still 
in the pericycle, the bundles here aie larger (about 320 ja) and only about 
0*75 mm. apart. They are fully as large as those of the inner trace; so we 
must assume that these two bundles lepresent an entire leaf-trace and not 
the product ot any subdivision. The distance between the strands of a pair 
IS evidently a very inconstant feature. In this specimen «^everal adventitious 

* This is roughly calculated from the dimensions ot u Tnffonocatpus seen in tiansyerse 
section in both slides 
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roots are present; their position, unlike that of tlie roots in previous 
specimens, shows no relation to the leaf-traces. 

1 believe that specimen 6 is part of the same stein, though the state of 
preservation is different, the phloem having collapsed. The surrounding 
objects are the same, and the structure of the stem agrees essentially, especially 
in the absence of any well-marked Sparganum liypodernia. Tlie two sections 
W. 1915 D & E each show two double leaf-traces too near together for any 
probable phyllotaxis, but possibly displaced. They are rather small bundles^ 
300-410 jx in diameter. The main point is that here again two double traces 
are seen in the same transverse section. 

A third section (N.3) is photographed (PI. 2. Phot. 12). It is complete, which 
the two Williamson sections are not, and probably belongs to the same stem, 
though there is no absolute proof. Two double leaf-traces are shown, at a 
divergence which may he roughly estimated at Otie trace (T. 1) is in the 
outer part oi' the pericycle, the other (T. 2) may have just entered the cortex. 
The bundles of each trace are near together"^ and their relation to each 
other is obvious. In size they are somewhat larger than in the previous 
sections (410-490 m)* 

The stem just described is a variant on the ^ type first considered, though 
the distinctions are not important; the peculiarities are that two traces are 
usually seen in the same transverse section, that the two bundles of a leaf- 
trace are usually near together, that the bundles are, on the average, small, 
and their tracheides also small. It may bo added that no regular relation 
appears to obtain in this ca.v‘ betM'een the roots and the leaf-traces. Con¬ 
sidering the poor development of the mechanical tissues it is not improbable 
that the stem was of the nature ot' a rhizome. 

Tho ft specimens generally establish the fnct that the leaf-trace was 
constantly double from its starting-point in the stele outwards, the two 
bundles being often remarkably far apart. We iiave so far no conclusive 
evidence as to their further subdivision. It may be mentioned that in this 
species the trace-bundles carry no secondary wood out with them when they 
enter the pericycle. 

Further considerations may be postponed till we have compared the other 
forms of stem in the species. 

jfiT. Lomaxiiy Form cylindricum f. 

In the joint memoir with Williamson this form was provisionally treated 
as distinct, for it was obviously different from //. Grievii, with v^hicli the 
other Dulesgate specimens were at that time confused, while it was not 

♦ Those of the outer trace are evidently displaced, and appear closer togetlier than in 
nature. 

t WilUamson & Scott, 1895, p. 764, pi. 28. figs. 30, 31. 
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identical with ti, tilireoides. Now that//* recognized as a distinct 

species it become'^ evident that the ** eylhidricum ” specimen is merely a 
form of it, a fact which Mr. Lomax realized many years ago. 

The specimen happens to be of considerable interest. There are six trans* 
verse sections (only two of which are good), two longitudinal, and one 
oblique The cylindrical form of the stem is preserved with little distortion, 
while all the other Dulesgate specimens are more or less compressed. The 
outer cortex has a curious carbonized appearance, and may have undergone 
some change which made it more resistant than in other cases. 

The best transverse section is one in the University College collection, and 
is shown in Pi. 2* Phot. 14. The Williamson section previously figured 
(Williamson & Scott, 1895, pi. 28. tig. 30) is r.athcr less complete, though the 
cylindrical form is more perfect. The stem is 6*75 x 5 mm. in diameter. 

The primary wood is well preserved, and agrees in every respect with that 
of the specimens of //. already described. A few la}ers of small- 

celled secondary wood had been added in places. Scarcely any of the phloem 
is preserved, and in the pericycle only the sclerotic nests persist ; their 
presence, once regarded as distinctive, is of course common to the Dulesgate 
stems generally. The cortex is quite well preserved—much better than is 
usual in the j3 specimens. The masses of sclereides, with radiating cells 
round them, are conspicuous and have as»umed a black colour. The 
longitudinal sections show that they form solid blocks as in other Dulesgate 
stems. The Spargamun hypoderma has the structuie typical for the younger 
stems of H* Lomasdi (see above, p. 78). 

The point of real interest lies in the leaf-traces, of which two are shown 
in the section photographed. The inner pair (T. 1) is only just beginning to 
separate from the stele, in the outline of which the two strands (each about 
700 in tangential diameter) form gentle protrusions, cut off at the back by 
conjunctive tissue. They are quite near together, at an interval of about 
120 p only. This is the earliest stage in the separation of a leal-trace from 
the stele which we have yet met with, and it shows again that the two 
bundles were distinct from their origin. 

The outer trace (T. 2), at a divergence of perhaps f from the former, is in the 
cortex and consists of two double bundles, about 1150 apart. The division 
of each of the original strands into two is quite evident, and shows that here, 
as in //. shorense and IL tilimoidee also, the trace ultimately became a 4«stranded 
one. A protrusion of the cortex in the region of the leaf-trace indicates the 
beginning of the base of the leaf. 

In the section previously figured (W. 1304 A), which appears to have been 

• The six transverse sections, in their probable order from below upwards, are: 

W. liK)4 A; R. 621 j S. 444; S, 446; N. 7. 

The longitudinal sections are W. 1604 B and K. 644; the oblique section is W, 1915 P. 
When the joint memoir was written, only the two sections W. 1804 A & B were examined. 
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cut a little distance above the University College section^ the outer trace has 
disappeared, having no doubt passed out into the petiole. The double trace 
shown (/. e* pi. 28. fig. 30, l,t,) in the disorganized poricycle corresponds in 
position ^ to that which in the former section was still in connection with the 
wood. At the level shown, the two bundles have not yet begun to divide 
into four. No other trace is present in the Williamson section. 

The other transverse sections afford no new data, hut the Williamson 
longitudinal section (W. 1304 B) is of considerable importance, as it shows a 
leaf-base in connection wdth the stem, a point not noticed at the time of the 
previous descri[)tion. The preservation of the leaf-base is not very good, but 
the main features of the structure are clear. Tlie petiole is attached obliquely 
to the stem, which it appears to exceed in width; the cortical tissues are 
perfectly continuous throughout. A layer of sclerencbyina, seen in tangential 
section, forms a partial harrier betw^een stem and leaf-base. The latter has 
a Sparganvm hypoderma and sclerotic masses like those of the stem. The 
important point is that it contains two double bundles or bundle-pairs. They 
are widely separated, but in each pair the division into two has only gone 
about as far as in the transverse section figured (PL 2. Phot. 14). It appears 
then, that the leaf-trace passed into the base of the leaf as two bundle-pairs, 
and not as four independent bundles, thus resembling H. liVuroides rather 
than IL shoreiise. 

The Cf/Undriatm^^ specimen thus throws a good deal of light on the 
course of the lea£-trac<‘&. It does not differ in any essential respect from the 
other examples of //. LomaAf described, though it does not exactly agree 
with any of them; the trace-bundles are fairly large, but do not separate 
very widely from each other in ]mssing through the stem; this is probably 
because in this case no roots arose betw^een the strands. The leaves were at 
somewhat long intervals, for in mo'^t of the transverse sections only one trace 
is met with. The “ cylimlrlrum " stem is evidently a specimen of the rather 
variable Dulesgato species, //. Lomajcii. 

JJ, Lomaxii, Form «. 

This form was shortly described and admirably illustrated by Williamson 
ill his 17th Memoir (1890, p. 9f>, pis. 14, 15. figs. 14-18). A section of it 
was also figured in our joint paper (W^illiamsoii & iScott, 1895, p. 753, pi. 26. 
fig. 21) and shows a branch in connection with the stem; I believe this is 
still the only recorded cuvse of branching in the genus Ihierangium, 

The specimens are all more or le&s crushed, and present a rather singular 
appearance, different from that of most Heterangiums. This is chiefly due 
to the fact that the cortex, owing to the great development of the sclerotic 

^ As the two slides are reversed, it is impossible to figure them with corresponding 
orientation. 
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is iess crushed than the atolo* The specimens are closely associated 
with those of the /3 form, sometiines appearing in the same sections 

The stems vary in sise. Williamson^s type-stem (specimen 1; W. 1915 H) 
measures about 14*5 x 5*5 mm*, with wood (badly crushed) about 6 x 2*5 mm* in 
diameter. This is only exceeded in size by one of the fi stems* Specimen 2 
is about the same size, with a smaller branch. Specimen 2 a is a little 
smaller than the first two ; while the obscure specimen 1 a, of which only the 
stele is preserved, must have been fairly minute, the wood only measuring 
about 2*5 X 1*5 inm. 

So far as the crashed state of the tissues allows one to judge, the structure 
of the wood did not differ from that of the specimens already described, 
unless it be that in the a stems the centrifugal wood of the bundles is some¬ 
times rather more developed. With one partial exception, to be mentioned 
presently, no secondary wood has been detected. 

The poricycle contains sclerotic groups as in other specimens. The cortex 
is the best-preserved part of tlie stem, and presents a leather striking appearance 
owing to its strong mechanical consti action, the amount of sclerotic tissue 
exceeding anything observed in the other forms (see PL 4. figs. 16 & 17, 
and compare with fig. 13 and PL 2. Phots. 9, 12, 13, 14). The longitudinal 
sections confirm this (see Williamson^s figures, lt<90, pL 15. figs. 17 & 18, 
and compare fig. 15 here). The sclerotic nests are both large, often exceeding 
1*6 mm in diameter, and numerous. Tho outer cells are elongated radially 
to the mass. The hypoderma is well developed, with a preponderance of the 
fibrous tissue, as is usual in young stems. The epidermis is well preserved 
m places. 

Owing to the crushing of the stele the specimens are nnfaA ourable for 
following the course of the leaf-traces, for portions of the wood are often 
mechanically severed from the main mass and may simulate outgoing strand-^, 
while genuine leat-traces may be crushed in and become unrecognizable. 

In Williamson's figured specimen (Lc. fig, 14) tho double stiaiul at a may 
probably be a leaf-trace, but there is no proof. On the other hand, the two 
double bundles, a little higher up on the leIt, certainly constitute a trace. 
They are best shown in a Manchester section (Q. 10) cut just above Williamwsoirs, 
This altogether a good section, with the w^ood rather less crushed than 
usual; the leaf-trace is particularly clear (Phot. 15). Whether it is in 

* The known speciaiens of the a form are as follows: Specimen 1. W. 1916 Q. 10, 
K.643, K 657 (tiausverse); W. 1916F (longitudinal) from the same stem, 1 a. A smaller 
stem appearing in the tour tran8^ erse sections, as above. The larger stem, 1, may be taken 
as the type (Williamson, 1^90, Bgs. 14-10, 18) fcipecimen 2 W. 1885 II*, J8S5 IHI, 
1016 M*, 1915 N*, 1915 0; K. 642* j S, 2B6* (transverse). 2 a, A smaller stem occurring 
111 the sections marked * above. Specimen 8. W. 1916 E (transverse), W. 19161,1916 K, 
1916 L (longitudinal) probably from the same stem. The older of the sections will be 
mentioned in the text when necessary. 
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the pericjcle or cortex is hard to say, the two tissues not being at all sharply 
delimited here—^at any rate, it is separated from the disorganized phloem of 
the stele by several layers of more or less sclerotic parenchyma. The two 
double bundles of the trace are about 120/a apart; they are fairly large 
strands, measuring 615 and 820 /a respectively in tangential diameter, and 
each is manifestly double, for the xylein is lobed and divided radially down 
the middle by a band of collapsed cells. This * 500 ^ 011 , then, proves that the 
leaf-trace con‘<isted of two bundles, eacli of which pref»ared to divide before 
it had got far on its outward course. The adventitious root figured by 
Williamson shows no obvious relation to any leaf-trace. 

In specimen 2 the order of the sections from below upwards proves to be : 
W. 1885 HH, W. 1915 N, W. H, W. 1915 M, W. 1915 0, S. 236, It. 642. 
So long a series seems promising, but the stem is in many sections incom¬ 
plete and the crushed condition perplexing. It is doubtful whether the two 
leaf-traces marked on our fig. 21, of 1895, were really of that nature ; 
the only undoubted trace is near the broken end of tlie section. In the 
present fig. 1(5 (Pk 4), from till's specimen, the double strand r,6. may be a leaf- 
trace. So far as the evidence goes, it co^finn^ that from the typo-specimen. 

In specimen 2 a, which appears in five sections of tlie sanm series, a (iouble 
leaf-trace can be followed through the whole thickness of the cortex, in 
the section figured (fig. 17) the bundles arc far out and may ha\ e been entering 
the leaf-base ; the tissue, however, is damaged and one of the two strands 
(vJ)}) lies in the debris. The signs of di\ision in each bundle are less marked 
liere than in the other cases mentioned. 

So far as the availalde data show, the behaviour of the leaf-trace in the a 
form of stem seems to have been much the same as in the cyUndrirum^^ 
form, already deacrifjcd, the trace con.^i'^ting of two large strands which 
pass out without separating very widely, and do not com]>lete their subdivision 
till after they have entered the leaf-base : in both ca'‘C^ more than one trace 
may be met with in the transverse section. 

A word may be added al>out the branching, already de.'-cribed and figured 
in the joint memoir Tln^ branch appears in throe successive sections of 
specimen 21- lu the lowest section the continuity between branch and stem 
is more complete than in that figuied (the middle one); the stele of the branch 
is smaller, and its zone of secondary wood thicker. At this level there is a 
little secondary wood on the main stele also—a small arc 620 g broad and 
about 6 cells thick on the side towards the branch. It dies out higher up the 
stem. Ill the third section (W. J885 II; above that figured) the branch is 
free from the stem, but still shows no leaf-traces of its own ; it is, however, 
not quite complete. At this level, the secondary wood of the branch has all 

♦ Williamson & Scott, 1895, p. 753, pi. 20. fig. 21. 
t W. 1885 ilH, 1915 K, 1885 H. 
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hat died and the structure is that of an ordinary stein of the form* 
!fhe branch is very similar to the smaller stem (2 a) appearinf( in the same 
section, and it is quite likely that the latter may represent another branch of 
the same main axis. It is evident that secondary growth started at the base 
of the branch, where it also slightly affected the parent stem. 

As regards the nature of the a form of stem, there is no doubt that it has a 
distinctive anatomical habit, and we cannot wonder that Williamson at first 
inclined to make it a separate species. Even allowing for the better 
preservation of the cortex in the younger stems, the difference can hardly 
be reduced to one of age; I have seen no stems that can naturally be 
interpreted as the older stages of a stems. The youngest specimens, which 
ought to come nearest to the a form, do not possess the powerfully constructed 
cortex which characterizes the latter* 

Not much stress can be laid on the fact that an a specimen is the only one 
that shows branching. The specimens after all ure few, and we must 
remember that it was a long time before branching stems of Lyginopteru 
oldhamia were found, common as the plant is. In Jfeferangium generally, 
branching must have been extremely rare ; whether it was so in the Dule‘^gate 
species we cannot tell. 

The various forms of stem described under //. Lomaxii all occur in a single 
coal-ball ; it appears that none of them have been found in any other block. 
It seems almost infinitely improbable that two or more distinct species of the 
same genus, each of the extremest rarity, should happen to be associated in 
one unique nodule ; the presumption is overpoweringly strong that all the 
specimens belong to one and the same species. The a form is the most 
distinct in appearance, but I do not doubt that Williamson’s later view was 
essentially correct and that it represents u younger stage of growth of one 
of the other Uulesgate forms of stem, though not perhaps of a form exactly 
identical with any of those which we pos«-esi> in a more advanced state. 

Whether the differences among the specimens of H, Lomaxii are due to 
variability in homologous stems, or to the occurrence of multiform stems in 
the same plant, cannot be decided. The latter seems more probable, but we 
have no proof, for in the only case where a stem has been observed to branch 
the branch merely repeats the characters of the parent axis. 

Petioles. 

The evidence we have collected so far only proves that in //. Lomaxii 
two bundles, each showing signs of division, entered the leaf-base; we do 
not yet know how many distinct strands were present in the petiole. The 
material contains a few specimens of petioles, though none are well preserved. 
As they are associated with various forms of if. Lomaxii stem, it is impossible 
to tell to what particular form they belonged ; from their size, they were pro¬ 
bably borne on the larger stems. Three of these petioles are tolerably clear— 
section of one of them is shown in PI. 4. fifr. 18. In other sections of the same 
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petiole the sclerotic nests appear, and the dense bypoderma is also that of a 
Hetemtigium^. The tissues are much permeated by roots and rootlets, but 
the vascular bundles belonging to the petiole are easily recognized in all the 
sections. There are four large bundles, two widely separated in the section 
figured, and tw^o close together. The two more median bundles are clearly 
dividing; where the structure is well enough preserved, the bundle is evidently 
mesareh with little centrifugal wood, and is thus completely of the Heterangium 
Lomaxii type. This petiole is much compressed, and measures where complete 
about 6x1 mm. There is no doubfc that it belongs to the Heterangium^ 
and it thus proves that tljo bundles completed their division into four alter 
entering the petiole, and even initiated further subdivision. 

Another larger and much crushed petiole t (7-5x1 mm. in diameter) 
shows^ in the best section, four bundles, two of which are dividing. A third 
specimen of about the same size (6 x ]-5 mm.), contains four large bundles, 
quite separate, but not obviously dividing further. All these show the 
Heterangium charactf^r*' unmistakably. It is a pity that we have no petiole 
in continuity with the stem, Imt the evidence is enough to show- that in 
IL Lomauii^ as in //. shoreuse and //. tilicroides^ the petiole was pol>desmic, 
the minimum number oE bundles being four. 

It is evident that the three species of Heterangium wliich have now been 
described were nearly allied ; they agree among themselves in having 
polydesmic petioles, and are the only species recorded in which this 
charact(‘r has been ol)served, tliough it may be found to extend to others. 

The forms now^ grouped under //. Lomaxii appear, for lea^^ons already 
given, to constitute a single species, distinct though not very difberent, from 
//. sliorenfse and II, filKVoides, The speeific characters may he summed up as 
follows :— 

Heterangium fjorna.tti,, Will, in litt. 

^tem from about 5 or 6 min. to about 13 mm. in viiameter. 

Primary wwd consisting of somewhat irregular groups of tracheides, with 
parenchyma between the groups. 

Tracheides without any spiral bands between the ])its. 

Peripheral xylem-strands and loaf-trace bundles inosarcli with little 
centrifugal w-ood. 

Secondary phloem sometimes well developed, but phloem-rays not much 
dilated. 

Pericycle generally of moderate breadth, but much enlarged where leaf- 
traces or roots pass out. 

♦ This petiole occurs in five sections of the specimen 2 (» form) series, namely 
W. 1916 N, 1885 H, 1916 0; S. 230 and R. 642. 

t Occurring in the sections W. 1916, 1916 B, 1916 A, 

X In the University College slide, N. 3. 

LXNN. JOUBN.—BOTANT, VOL* XLIV. H 
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Sclerotic tissue present both in peiicycle and cortex ; the sclerotic nests 
in the cortex forming massive blo^s, sometimes (in steins of the st fortn) 
developed to a remaikable extent. 

Leaf-trace consisting of two bundles where it leaves the stele, the 
constituent bundles often very widely separated in the cortex, when 
adventitious roots pass out between them. Trace-bundles without secondary 
wood of their own. The double trace beginning to divide into four as it 
enters the leaf-base. Four bundles, sometimes further subdividing, in the 
petiole. 

Number of traces in the transverse section, one only in some specimens, 
two or perhaps more in others. Traces traversing the stem for a long 
distance before passing out. 

Stem observed to branch, the secondary growth in this case starting at the 
base of the branch. 

Details of cortical structure and of ariangement of leaf-traces varying in 
different forms of stem. 

Locality* Dulesgate, Lancashire : Lower Coal Measures. 

All tlie specimens, apparently from a single nodnle, discovered by 
Mr. James Lomax about 1890. 

It may be mentioned that the present re-investigation has thrown no new 
light on the structure of the root in Heterangium Lomaxii* That question 
remains now as it was in 1895 

Heterangium minimum, sp. nov. 

A single specimen of this small stem occurs in a block from Dulesgate, 
of which sections were received from Mr. James Lomax in February, 1903 f. 
Though the locality is the same as that of IL Lomawii^ the mateiial is quite 
different, and contains different plants. There is therefore no presumption 
of specific identity between this form and those referred to H. Lomaxii. The 
characters indicate that it is distinct. 

The dimensions of the stem, about 2*9 mm. by 1*7 mm. in its somewhat 
crushed condition, are unusually small for a Heterangium. The best section is 
shown in ? 1 . 4. fig. 19. The wood, including a few secondary layers, measures 
about 1*6 x1 mm. The primary wood consists mainly of tracheides, with 
comparatively little conjunctive parenchyma. The peripheral xylem-strands 
are not sharply defined, and the principal rays of the secondary wood by no 
means conspicuous. In these respects the specimen lecalls 11. Grievii rather 
than the Coal-Measure species. The tracheides of the metaxylem are decidedly 
large for the size of the stem, often exceeding 150 /z in diameter. The 
structure of the peripheral strands is mesarch, with one or two layers of 
centrifugal primary wood. The secondary wood, which reaches a maximum 

♦ WillUmeou & Scott, 1896, pp. 758, 764. The evidence there brought forward relates 
Mttirel, to the Dolesgete epeoies, S. Xomasn. 
t eections ere S, 1801,1808,1804,1806, and 1813, all txanirene. 



OF THS BRITISH COAL HBASURES. 


91 


tfaioknessf of about seven elements, is small-celled, as usual, the tracheides 
seldom exceeding 36 fi in diameter. The phloem is destroyed ; the pericycle 
tolerably preserved in places. No sclerotic nests have been detected either 
in the pericycle or the cortex—one would not expect a strong mechanical 
construction in so small a stem. The cortex is parenchymatous, with a rather 
feeble Sparganum zone on the outside. 

In the section figured a leaf-trace is seen in the pericycle. It is a single 
etrand, though somewhat lobed ; other sections show that the trace divided 
into two strands further out on its course, but they have not been seen to 
diverge. In one section (S. 1805) a second trace is seen, just separating 
from the wood, as a single strand, with two protoxylem groups. 

It thus appears that Heieranghm minimum differs from all other forms 
described in this paper in having a leaf-trace consisting of a single bundle 
whore it starts from the stele. In this point it agrees with //. (Jrievii^ but 
differs in the fact that the trace divided into two in the cortex. Of course, 
it cannot be strictly proved that IL minimum may not have been a minute 
twig of some other species ; there is, however, nothing to indicate that this 
was the case, and on present evidence the plant must be regarded as distinct. 
The specific characters may run as follows :— 

![eterangium minimum, sp. nov. 

Stem minute, under 3 mm. in diameter. 

Primary wood consisting chiefly of tracheides with a few parenchymatous 
hands. Peripheral xylom-strands not well defined ; mesarch, with a layer or 
two of centrifugal wood. 

Sclerotic ti'ssue apparently absent from both pericycle and cortex. Leaf- 
trace a single bundle where ii leaves the stele, dividing into two in the 
cortex. 

Locality. Dulesgato, Lancashire : Lower (/oal Measures. 

Pound by Mr. James Lomax in 1903. 

A New Subgenus. 

If for the moment we leave Heterangium minimum out of account, wo find 
that the other three British Coal-Measure species of the genus, while differing 
only in trivial points, agree in the following characters ; the distinctness of 
the peripheral xylem-strands, and consequently of the principal medullary 
rays; the tendency towards exareby in the primary xylem-straiuL, the 
centrifugal primary wood being little developed ; the compound leaf-traces, 
double on starting from the stele, quadruple or more on entering the petiole. 

The first of these characters may reasonably be considered as an advance 
on the structure of the U, Grifiii type, in which the peripheral strands of 
the stele are not sharply delimited. Their greater distinctness is a departure 
from the pure protostelic structure, and indicates a progressive downward 
^differentiation of the leaf-trace system. 
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On the other hand, we cannot be certain that the exarch tendency of tbo 
primary xylem-strands marks an advance, for we find both types of stmcinre 
in species of similar age, as will be shown below. In the Coal-Measure 
forms, the centrifugal xylem, though little developed, is sharply differentiated 
and obviously primary; indeed, from the nature of the tracheides (spiral or 
scalariform) it would appear thal the centrifugal part of the strand was the 
first to be formed after the protoxylern, with which it is in direct connection^ 
as in JfiT. Gnetni and Lyginoj)teris^ a point on which Ohodat has laid stress * 
(Ohodat, 1908, p. 13).^ 

In the double leaf-trace and polydesinic petiole, the Coal-Measure species 
undoubtedly shov\ a more complex organization than has hitherto been 
described in Ihteravgivm^ or even in Ijyginopteris^ for we have here to do 
with a trace which is double at its origin^ not as in Lyginopteris with one 
that merely divides as it passes out. The further subdivision of the trace, 
giving rise to four or more bundles in the petiole, gives a most distinct 
character to the species in question ; the cication of a new genus for them 
might be suggested. There are, however, objections to this course, and I 
prefer to be content with proposing a provisional subgenn**, which may be 
named Polyanoium t, and may best be characterized simply by the leaf-trace 
being double on starting from the stele, and dividing into foui or more 
strands in the petiole. 

The proposed new subgenus will, of course, include the three species 
//. shoreuse, H. tilia’oidesy and //. Lomaxu, with the probable addition of 
others. JJ, minimum^ on the other hand, will fall under the other subgenus, 
which may be called Eu-hbterakcuum, cliaraeteri/ed by the single leaf-trace 
given off from the stele remaining single or dividing info two strands only 
on its passage outwards, I have not thought if desiiablo to introduce the 
other characters (distinctness of x> lem-strands and tendency to exarchy) 
into the diagnosis of the provisional suhgenus, us we have no reason to 
assume that they are consistently correlated with the polydesmic condition. 

A rapid comparative survey of the other species of the genus and of some^ 
related groups will serve to make the position clem. 

Comparative Considerations. * 

Cerda's original species Ileterangivmparadoxum J was founded on fragmen¬ 
tary maferial, which practically shows nothing beyond the structure of the^ 
metaxylera. Kubart (1911, p. 9, Taf. i. fig. 3), who examined smaller 

• Prof. Chodat uses the position of the protoxylern as an argument against the homology 
of the bundle in Lyginopterideae with that m CycadacecD, a point with which we are not 
concerned m the present paper. 

t Intended to suggest a polydesmic HeUrmytum, 

t First published m 3845. The refeience is to the edition of 1867; ' Flora der Vorwelt' 
p. 22, pi. xvi. 
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ipecimsns from the same locality, figures a complete stele, but no details are 
given, and beyond confirming tlie general agreement with other species 
referred to the genus, there is nothing to be said. The plant is apparently 
of Middle tWl-Measure age, 

Williamson's Lower (Jarboniferous species //. Griedi is too well known 
to need any discussion here. It may, however, be eonvenient shortly to 
recapitulate the principal characters : 

Peripheral xyJem-strands not sharply delimited. 

Primary centrifugal wood ol the bundles well developed. 

“ Becretor} ‘>acs'’ scarce or absent. 

Sclerotic plates (in the form of thin di«<cs) present in the cortex, but not in 
the pcricycle. 

Leaf-tra(*e single and a single bundle in the petiole. 

Jjeaf-bases large and decurrent. 

Foliage probably that of Sphenopteru eleyans. 

This species is the type of the subgenus Eu’^heterangium, 1 am not aware 
that the structure ol any other Lower (Wboniferons species has been 
described 

In the meantime, Renault (18(59, p. 177) had described two species, under 
tiio names Lycopodium pauctatum^ Ren., and Lycopodium Lenaultii, Brongn., 
which have proved to belong to the genus Iletemnyium, These fossils came 
from the Upper (^oal Measures of Autun. The reference to Lycopodium 
involved a misinterpretation of the structure of the specimens t> »Hd it is 
more profitable to refer to Henault^s later description (Renault, 1896, p. 253), 
written after he had recognized the true nature of the plants. The only 
figures are those in the earlier paper. Both species are represented by small 
steins, 5*5-6 mm. in diameter. IL punctatum has a certain amount of 
secondary wood and bast, which are absent in H. lienauUii ; it is possible, as 
Renault pointed out, that the latter may merely be a younger condition of 
the former (Renault, 1896, p. 256). 1 examined the original preparations 

at Baris in 1905, but at that time my attention was not directed to the points 
which now seem most critical, i/. punctatum^ especially, bears a close 
ri‘seinblance to our i/, uUwoides; it has, for example, large medullary rays, 
which are dilated in the phloem-zone (Renault, 1869, pi. 12. fig. 3; pi. 13. 
fig. 4). The leal-traces are said by Renault (1896, ]>. 254) to pass out 
opposite the rays, a statement which is scarcely confirmed by the figure (1869, 
pi. 12. fig. 1). Renault gives no definite information as to the position of 
the protoxylem, merely stating that the attenuated peripheral extremities 
of the vascular groups are occupied by rayed tracheides aud spiral elements 
(trachees). 

* Prof, T. Johnson’s speoieSi H, kibemicunif is based on external characters only (Johnson, 
1912). 

t Cyi Williamson k Scott, 1895, p. 771. 
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j>. n. mmt on the hetekangiums 


In describing JET, Renaultii, he makes the important remark that on on# 
side of the woodj^ cylinder we notice two bundles which are separating from 
the axis, and in the parenchyiiiatons part of the cortex two others which 
have already quitted it for a certain time^^ (1896, p* 255). It thus appear# 
that this species gave off its leaf-trace bundles in pairs. He also observed 
indications of ‘^dichotomy” in the bundles I have little doubt that both 
forms may be referred to the subgenus Poh/an(jium^ but a re-investigation 
is required. 

Another Auhm species, Hen., was originally described under 

the name of Poroxylon Duchartrei (Renault, 1879, p 276, pi. 14. figs. 4-8) ; 
it was excluded from that genus in 1886 (Bertrand & Renault, 1886, p. 245), 
and appears as a Heterangium in the ‘Flore d’Autun et d’fipinac^ fRenault, 
1896, p. 251, pL 65. figs. 1, 2). The stem (6*5 nim. in diainetei) has very 
much the characters of tiliwoideh, but little bejond the v^oo(l preserved. 
The principal rays are conspicuous, dividing up the secoiidar) zone into 
15 sectors (Renault, 1896, pi. 65. figs. 1, 2) Heie, again, the groups of 
spiral and scalarifonn tracheidos are described us hing at the pcTipherj of 
the primary wood. Two bundles, widely separated, but on the same ride of 
the stem, are seen in the cortex ; there can be little doubt but tluil lliej both 
belonged to the same leaf-trace. It appears, then, that tins toim also ina) be 
included under the [irovisional subgenus Polyain/iuDi Renault calls atten¬ 
tion (1896, p. 254) to the similarit) betw^een/y. l)mhari)ei and // piautatum , 
it is possible that all the three lot ms just described ma) e\entuall> l>e reduced 
to one species. 

On the other hand, a iourtli Autun form, //. bibraiteffse^ Ren. (Renault, 
1896, p. 252, pi. 65. figs. 3-6), seems to be quite distiuc t. Ifis lemarkahle 
for the small si/e ol the priiuai} wood (1-1’5 mm diametn) and the great 
thickness of the socondar} tissues f Paris ol the phloem and the cork aio 
preserved. There are large principal lajs as in the piccoding species. 
Nothing is known ol the leaf-traces No othei Jleieranyiiun hu'^ been tound 
ID such an advanced state of growth. 

It will be noticed that all the Autun speciiuons, so far Ub theii stiucturo is 
known, agree liettei with the British Ooal-MeabUre foims ol the Polyangium 
type than with the Lower (^arbouifeious species //. Gnemx, I his is natural, 
considering their age, which is considerably later even (lian thatol oui Ooal- 
Measuie forms. 

We have now briefly to consider the verj intoiesting series ol species of 
Heterangium recently described by Hr. Kubart horn the Ostrau beds of 
Upper Silesia (Kubart, 1908, 1911, 1914). At present only preliminary 
accounts have been published, so tho data for a lull coini)arison with our own 

* The figures of the 1890 memoir appear to he much more exact than those of 1679 
t Renault gives the thickUess of the wood as 5 5 mm I found it to reach neatly a 
centimetre in places. 
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flpecies are not yot available The Ostrau specimens, which are admirably 
pteserved, are very interesting from their age, vhich is somewhat earlier 
than that of our Lower Coal Measures, corresponding, according to Dr. 
Kubart, to the upper part of our Millstone Grit. The great point which his 
investigation has brought out is the existence of transitional forms between 
the genera Heteranginm and Lyginopteris^ confirming the close affinity 
between them, as maintained by Williamson and the present \\riter. Here, 
however, our point of view is somewhat different; we are interested rather 
in the comparison botw^een Dr. Kubari’s species and the British Coal- 
Measure Heterangiums. 

Five species of Ileteranghnn from Ostrau are described—all appear to be 
new. The simplest structure is shown by II, Sturii, where there is practi¬ 
cally no differentiation in the stele between mctaxylem and primary bundles 
(Kubart, 1914, p. .‘1, Taf. 2. fig. 3) ; the latter only become delimited when 
they lK*gin to pass out uh leaf-traces. The j)rotoxylem, however, is nearly 
exarch. In the figure, five large leaf-traces are shown leaving the stele : all 
are single and no sign of division is to be observed ; evidently then, each 
leaf received a single bundle, and //. /Sittrii is a typical repro^^entative of the 
subgenus Ku-heteranghnn, It will bo noticed that in this case a tendency to 
exureby co-exists with an undifferentiated stole, conirary to what vse found 
in the British (\)al-Measnre species. 

//. (ilafum't has more or less well-defined peripheral ])iimary bundles; their 
stiuctiire is t)picall} inesarcli, with well-developed c(‘iitrifugal xylein. The 
leaf-traces are numerous (I counted 10 in the transverse section) and one 
bundle passed out into each leaf. A number of '-mull winged petioles 
surrounded the stem, and are sometimes iouiid still in connection with it. 
The secondary wood, when termed, is described as a[>crfectly continuous ring. 
//, (datum is thus an obvious moinber of the Ku-luferaugiffm subgenus—the 
numerous small petioles give it, however, a verv different character from 
//• Griecii. 

11, polgstichfan is a somewhat similar sp«>cies witli iairlv distinct 
peripheral xylom-strands, which, like the lcal-iiac(‘ bundles, are “centrally 
mesarcb,’’ l,(\ with the protoxylemdeepljMmlxalded. A single bundle leaves 
the sieh' for ea(»li trace ; the traces are very nunu'rou**, 13 appearing in the 
transvoise section. The trace, on entering the leal-base, may possibly 
have divided into two. The species evidently tails under the suhgenus 
Eu*heterangium as defined above. Jt is distinguisliod Irom //. alatum chiefly 
by a difference in tlie petioles. 

* Through l)r. Kubart’s kindness, 1 have had an t>pportunity of examining sections of 
several of his species, 
t Kubart, 1914, p. 2, Taf. 2. figs. 1, 2. 

X Kubart, 1911, p. 11, Taf. 1. fig. 4; 1914, p. 4. 
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Sekustm (Kubart, 1908, fig. 3; 1911, p. 11; 1914, p, 8) is 
mediate, as regards the stelar structure, between H. Sturii and B. ahtmm; 
the peripheral xylem-strands are only slightly differentiated. Nothing is said 
about the position of the protoxylem; from the figure it appears to lie rather 
far out, approaching /i. Sturii in this respect. The figure shows three leaf- 
traces very clearly, one just starting as a single strand, another, in the 
pericycle, somewhat constricted, and a third, also in the pericycle, just divided 
into two. The plant thus falls under Ea--heterangium^ resembling our 
II. minimum in the division of the originally single trace. 

11. Andrei (Kubart, 1914, p. 4, Taf. 2. fig. 4) is the most interesting of 
the five species, as it shows a transition towards Lyginopten^. The 
transverse section of the large stem shows quite the anatomical habit of a 
Lyginoptens\ the primary tracheides, however, extend to ihe centre of the 
pith, where they are scattered and intermixed with much parenchyma. The 
peripheral strands of the xylem aie quite distinct and few in number, as in 
Lgginopteris; the leaf-trace starts from the stele as a single bundle, which 
divides into two, much as in Lygmopteiis oldhamla. In sections lent me 
by Dr. Kubart, which 1 have no doubt were ot the species subsequently 
named by him H. Andrei^ I found in connection with the stem a leaf-base 
containing four bundles, as well as detached petioles with the same 
structure It appears, then, that 11. Andrei unites the characters ol our two 
subgenera, a single trace leaving the stele and ultimately dividing into four 
in the leaf-base. This fact, if confirmed, would be u fatal objection to the 
establishment of a new genus for the polydesmic forms, but our provisional 
subgenora may still serve a useful purpose. Possibly Dr. Kubart may 
eventually suggest a third subgenus tor the Lyginopteroid species of 
Heterangium, We are not here concerned with Dr. Kubart^s new sj)ecies of 
Lyginoptensy but may mention that L. heterangioideb (Kubart, 1914, p. 4, 
Taf. 2. fig. 5) is a typical member of 4ihat genus, except for the constant 
presence of a few tracheides about the middle of the pith, an evident vestige 
of the motaxylem of Heterangium^ already becoming reduced in IL Andrei. 
A species liom the coal-field of the Kuhr (Westphalia), named 11. inters 
medium by Kubart (1914, p. 6), is described as forming a link between 
Heterangium Andrei and Lyginopteris heterangiotdes : we have, in fact, as 
the discoverer points out, a continuous series leading giadually from the 
protostele typical of Heterangium to the siphonostele typical of Lyginopteris. 

To return to our more immediate subject: the result of our survey is to 
show that the older species of Heterangium tend, on the whole, to belong to 
the simpler EMrlieterangium type, while the later species for tlie most part 
show the more complex structure which characterizes the proposed subgenus 
Polyangiunu 

^ I noticed long, stalked glands on both stem and petiole—a very Igginoptei 
ieature. 
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A few words may now be added about other genera which present points 
eomparison with Heteratigiunu The nearest of these is doubtless Rhetin-- 
founded by Dr, Gordon on the species R. Arheri^ which he discovered 
in the Pettycur beds of the (klciferous Sandstone Series (Gordon, 1912). 
The plant is thus of Lower (Jarboniforous age and contemporary with IJetev’- 
angium GrieviL The structure is protostelic, and the general appearance 
of the transverse section suggests a rather large stem of lletemvgiam. 
The new genus, however, differs from Ileterangium in important characters : 
there are no sclerotic plates in the cortex or pericycle ; tlie primary xyleni- 
strands are exarch, not inesarch, and the leaf-trace is a complex corrugated 
body with numerous external protoxylem groups. Minor peculiarities are 
the great development of secretory sacs and cells (also present in some species 
of Hetemngium) and the enormous enlargement of the leal-base, which 
almost equals the whole siein in thickness. The Sparganum, or more strictly 
Dict^rglon, outer cortex is very finely devel()])ed, as in Medullom, The 
exarch character of the xylem-straiids is important; we have no evidence 
that true exarchy occurs in Heterangiiim^ though, as we have seen, there are 
considerable variations in the degree of mcsarchy. On the other hand, the 
structure of the metaxylem seems to me to he altogether that of a Beterangiumy 
of the type, like //. sliorense or //. tiVuvoideSy where the tracheitles are in 
definite packets, separated by a reticulum of parenchyma. The secondary 
wood is of the ordinary Ueteramjium kind, with somewhat large rays opposite 
the spaces between the peripheral xylem-strands. 

But the most interesting point for our comparison is the leaf-trace, a 
remarkable and unique struelure. It embraces several of the peripheral 
xylem-strands, all passing out together and all in connection laterally with 
^ach other. The connection being on the adaxial side, the leaf-trace consists 
of a number of fused U-shaped bodies, concave outwards. The protoxylem- 
groups, on the extreme outside, are numerous—six or more in number. 

The massive tra<*e may remind us for a moment of a meristele of iSutclvffia 
(Scott, 190fi), but is really quite different, for it nev(*r breaks up or divides in 
any way, hut passes out unaltered into the petiole. It is a complex but 
never a multiple leaf-trace. Rhetinangium thus also differs fundamentally 
from our polydesmic Heterangiums, wdiere the trace from its origin i^onsists 
of two distinct and simple bundles, which divide further on their outward 
course to form more bundles of like nature. Nhetinanginm is a most inter¬ 
esting parallel development, doubly interesting from its antiquity, but it has, 
in my opinion, no special affinity with the polydesmic sj^eeios of Hderangium, 

Prof. Seward’s genus Afeguloxglon (Seward, 1899) i% more remote from 
Beterangium. The large stem agrees with Rhetinangium in the exarch 
structure and in the presence of several protoxylem-groups on the abaxial 
side of the leaf-trace, but is peculiar in the character of the metaxylem, 
which consists for the most part of short wide tracheides, apparently adapted 
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for wator*-storag6. A& only the wood is known, we have no inEomatioii ♦0* 
the outward course of the leaf-traces. On the existing evidence, there in 
nothing to connect the genus with the polydesmic species of 
though Meffalowylm appears to represent, in a different direction,*an advance 
on the original protostelio type of structure. 

Polydesniy is common enough among plants grouped under Pteridosperms 
or Cycadofilices, but the only families which seem near enough to ffeterangiufn 
to deserve mention here are the Medullosem and the Calamopityeee. 

A simple Medtillosean stem, such that of MeduUosa anghca, has been 
described as essentially a polystelic Heterangimn. Each stele, in fact, 
repeats the charactorb of the Ileteranghon nionostele ; the position of the 
protoxylein-groups is mesarch, but appro idling exardiy, as in our polydesmic 
Heterangiums. Several distinct bulu^le^ are gi\eii oft from the stele to form 
the trace of a single leaf and they divide up fiecly on their passage outwards 
(Scott, ltl99, p. 194 ; 1914 ; de Fraine, 1914). In all those jioints there is 
a clear analogy with the jilants which form the ‘^^ubject of this paper, the 
polydesniy, of course, going much further in Medullo&a than in any species 
of lleterangivin, 

Sufteliffia^ ihoxk^i not strictly poI>stelie, otherwise differs from Heterangium 
more widely than does a Medulloha ot the anylka iyiie. The stele is exarch, 
the emission of leaf-tiaces takes place thiough the infi'rmedialion ot bulky 
meristole^, and the trace-bundles are concentric tluoughout (Scott, 1906 ; 
do Frames, 1912). The polydesmic Heterangiums no doubt show some slight 
approach towards certain cliaractcTs of the Mcdiilloseie, but not enough to 
justify one in sujiposing that the} are on the line ot descent of the latter 
family. 

A comparison with the (Jalaniopityea' is iiiteiestiiig. These are inonostelie 
plants which until recently have been assumed to lia\e had a true pith, 
surroiiuded by a ring of primary mosaicb x}leiii-btiands, tlie steiii-btructuro 
thus presenting a close analogy with that of Lgg?nojflen.s, In a joint paper 
on Keiituck} lossil plants, ol Lower (\irl)on)ieiou^ age, Prof. Jellre> ancl I 
have, however, shown tliat the structure in tlie sj)ecies Vahimopityh americana 
was essential!} protostelic, the ‘‘mixed pith^’ containing a varying pioportiou 
of tracbeides among the paronclnma (Hcott & Jeffrey, 1914, pp. H18, ;i26). 
There is reason to suspect tliat the same ina} bo tine of the Thuringian 
species, T. annularis (Unger). This brings the species in question nearer to 
the Heterangimn typf» of structure. The petiole [Kah/mma) has long been 
known to be polydesmic ; our work on <\ anterivana showed that the leaf* 
trace, single at its origin, almost imniediatel} di\ide8 into tw^o strands**^, 
further subdividing in the cortex. Jii (\ Satumi, Unger, previously 

♦ Since the paper by Prof. Jeffrey and myself was published, I have obtained even more 
convmcing evidence ot the early division of the trace. 
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investigated by Count Solms-Laiibacb the first division takes place further 
out. These plants thus present interesting analogies with the polydesmic 
species of Heterangium^ though never, of course, any exact agreement. I 
think tins is really the most fertile comparison we can make, and that the 
polydesmic petioles of our Coal-Measure Heterangiums may well be described 
as showing an approach to the Kalymma {('aJamopitijs) structure f. Even 
here there can be no question of filiation. The &j)ecies of Calamojntys are 
probably older than any known Ifeteraiminn^ and certainly much older than 
any which have been found to have polydesmic petioles. 

While, then, Heterangium is directly connected with Lyginopteris through 
the intermediate species discovorecl by Dr. Kubart, we have no evidence that 
the polydesmic forms indicate a transition to any otlnn-genu^'. They jn'esent 
interesting analogies w ith the Medullosese and (’alamopityere, and show that 
there was more in common hetween these grouj)S and the Lyginopteridea3 
than has hitherto been supposed, llut w^e have no sufficient grounds for 
assuming any direct evolutionary connection. 

StfMMAin. 

The cliaracters of tli<» various species dcscribeil laue been gi\<‘n abo^e 
(pp. 65, 73, 8t), 91). The more general results nia\ be siinuned up as 
follows :— 

1. The thre(‘ llritisli (V)al-Mea‘5ure species, Jleterainjhon shorense.^ IL 

tUia^oiiieSy and IJ, agree in their more important characters and 

only differ in detaiK, The fourth speeder, //. ntunmttm, is of a different type, 

2. The three species first named may coii\enienll} be grouped in a j>ro- 
visional subgeiius, Polyang'nim, cliara(*terized by the leaf-trace, starting from 
the stole as tw^) distinct bundle^, wdiich further dixide on their outward 
course, the number of bundle'^ in the jwtioh* ranging from four to eight. 

3. In addition to the polx desnii{‘ striictui e, tlic^e tlire(' sppci(‘vs fiirtln^r agree 
in the sharp delimitation ol the priinarv periplnn-al \x leni-siraj)ds, with the 
consequent differentiation of large inieiTascicular principal ni\s, and in the 
approach to exarchy in the peripheral strands and h'af-tracc' handles, the 
primary centrifugal xylein being com])arativelx litil<‘ dex(doped. 

4. It is probabl<5 that, besides IL bhoren$i\ IL fih((oii/<\Sy and IL Loymixliy 
the four species described by Itenault, from the I'pper (^oal Measures of 

* Holni<;-Liiul>fich, 1896, p. 67. 

t There is no leasoii to belioxe that the protobtelic* striictiuc of llu* stem existed in 
Calamopiiys Saturniy Unger, or inllie two species (U. fascicufana, Scott,and ( \ Bei/ierfiana 
(Goeppert)) separated by Dr. Zalessky, under tbe name ErisiophytoH (Zalcs^hx, 1911, :i7), 

I am not sure that 1 agree wdtli Dr. Zalessky in bis proposed division of the genus. 
C. Satumi seems to have in some respects more in common with my C. fa^'icularis tlinn ^^itll 
C annulare or C. amencana, Tbe whole question is discussed in a forthcoming paper on 
tbe genus. 
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AutuB (M. punetatum M, EenmUii H, DuchaHrei and if. 
we referable to the siibgenue Polyangium. 

6. The Lower Carboniferous species H, Orievh may be taken as the 
-of another subgonus, Eu^hetermgium, characterized by the leaf-trace 
silting of a single bundle only, where it leaves the stele, this bundle OiHlet 
remaining undivided on its outward course or dividing into two strands only. 
One Dulesgate species, JET. mm/mum, falls under this subgenus, as do alto 
four of the Ostrau species described by Dr. Kubart, namely i/. 

H* polysticbum^ fL Schvsteri^ and //. Stum. The peripheral xyleainstrands 
are, on the whole, less distinct in Eu-heterangivm than in Polyangium^ but the 
degree of their differentiation varies in the different species. The xylem- 
ttrands may either be “centrally mesarcir’ or show a tendency towards 
exarchy. A third subgenus may he required for the Ijyginopteroid species, 
such as B. Andrei, discovered by Dr. Kubart. 

6. The polydesmic species of Hetemngium (Polyangium) show an interesting 
analogy with Medullosese and with the jirotostelic Calamopityefe. Tliere is, 
howevei, no sufficient evidence ot any direct phylogenefic i elation to either 
group. With Rlieitnaagium there is no special affinity, for, while this genus 
appears to have much in common with Heteranqium, its leaf-trace is complex 
and not multiple, thus presenting only a remote analogy with that of the 
polydesmic Heterangiums. Megaloxylon is altogether more remote. 

The generic characters given on j). 59 of this paper can now be made more 
precise as regards the nature of the leaf-trace in diffeieiit subdivisions of the 
genus as stated in the Summary above, under the headings 2 and 5. It also 
appears that in such species as JL alatum, Kubart, and H. polybtkhum, Kubai’t, 
the leaves were small and probably very different J rom the foliage of Spheno^ 
pteris elegane, attributed with good reason to //. Grieva. 

1 am much indebted to my friends Prof. F. W. Oliver, F.K.S., and Prof. 
F. E, Weiss, F.tt.S., for the loan of slides in the University College, Loudon, 
and the Manchester Museum Collections. Without the opportunity of con¬ 
sulting these preparations, in addition to those in the Williamson Collection 
and in my own, it would have been impossible to deal at all adequately with 
the subject. 

The majority of the sections described were cut by Mr. Lomax, to whom 
the discovery of H, shorenae and of the Dulesgate species is due. 

The photographic illustrations are the work of Mr. W. Tapis, while the 
drawings were made by Mr. Q. T. GwilUam, to both of whom my best thanks 
aie due for tlieir valuable aid. 


These three may perhaps be forms oi the same species. 
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EXPLANATION OF THE PLATES. 

PJLATKB 1 A 2. 

From rhotosriaphs by Mr W. Tams. They require to be examined with a 
lens in most oases. 

P 1 .ATB 1. 

JPkot. 1, Meteranytum shorenae. General transverse section of stem. Cy. Plate 3. fig. 1, 

A. Three bundles m the leaf^basa (one is missing). 

1). Double leaf-trace still attached to the stelar wood. 

X about 5. Slide S. 2798. 
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Photographs 2~8. Heierangium tili<»oide». 

Phot, 2. General transveree section, from specimen 1. Mote the well-preserved cortex, 

T, 1, Double leaf-trace, in connection with stelar wood. 

T. 2. Next outer trace; Oidj one bundle shown. 

T. 3. One pair of bundles of outermost trace. T. S'. The other pair, damaged. 

X about 6. Slide, Manchester, II. f)S2. 

Phot. S. Genetal transverse section, from specimen 2. 

T. 1. Double trace, just leaving stele. 

T. 2. Bundles of a second trace, far out in peiicycle. 
l,h,, outer limit of large leaf-base in connection with stem. 

X about 0. Slide R. 287. 

Phot. 4. Ijeaf-base from Phot. 8, enlarged. 

v.h,, one pair of bundlew in the leaf-base; the other pair, damaged; C, outer cortex 
of leaf-base; se., sclerenchyma delimiting leaf-base laterally; ;?,c., portions of 
pericycle of stem. 

X about 11. Slide S. 287. 

Phot. 5. Part of another transverse section of specimen 2, showing a leaf-trace, consisting 
of two large bundle**, starting from the stele, 
ar., primary; j'.*', secondary xylem of btelo; secondary phloem of leaf-trace; 
p,c.f jiericycle. 

X about 40. Slide, Manchester, 11. 654. 

Phot. 0. General transverse section from specimen 8. 

/•..r., root-base, connec ted with the x} lem of the stem; r., free root. 

T. 2. Leaf-trace in ])ericycle. 

X about 6. Slide, Manchester, II. 658. 

Phot. 7. Prom the section next below the last, 
r., root, imbedded in the cortex of the stem. 

X about 8. Slide, Manchester, Q. 60. 

Phot. 8, General transverse .'•ection from specimen 4. Note that everything beyond the 
pericycle is lost. 

T. 1. Tuner trace, of two bundles, just leaving the stele. 

T. 2. Outer trace, of two widely separated bundles, passing out from the pericycle. 
Of. PI. 4. tig. 12. 

X about 6. Slide S. 1328. 

Plate 2. 

Photographs 9-15. Ileterangium Loniaxii. 

Phot. 9. Form General transverse section from specimen 1. Jjowest section. 

V.6., the two widely separated bundles of the leaf-trace. 

X 6^. Slide S. 4-17. 

Phot. 10. Peripheral xylem-strands from Phot. 9, enlarged. 

protoxylem of one of the strands; x., primary; ,r.®, secondary xylem, 

X about 40. Slide S. 447. 

Phot. 11. Form General trausverse section from specimen 1. Uppermost section. 

the two bundles of the leaf-trace, here much more widely separated than i» 
Phot. 9; r., adventitious root passing out between them. 

X about 8. Slide W. 1915 A. 
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Phot J.8* Form 0, General tmnaveree wetion from apecimen 6. 

T* 1. Double leaf-trace in the outer part of the pericycle. 

T. 2. Another double trace, juat enterinfr the cortex. 

X about 18. Slide, Univ. Coll., N, 3. 

Phot. 13. Form 0, General transverse section from specimen 
ph *, Secondary phloem; thin-walled hypoderma 
T. 1. Inner leaf-trace, of two separate bundle^ jiwt leading the <»telar wood. 

T. 2. Outer trace, two minute bundles in pericycle. 

X about 10. Slide 8. 626 

Phot. 14 Form General transverse section. 

1'. 1. Inner leaf-trace, coosistiug of two strands, just starting from the stelar wood. 

T. 2. Outer trace of two double bundles in the cortex. 

X about 10. Slide, Univ. Coll., N li 

Phot. 16. Form » Part of a transverse section from specimen 1, showing a leaf-trace,, 
consisting of two double bundles, vA 'i, xylem of stele. 

X about 36. Slide, Manchester, Q. 10. 

PJ.ATK8 3 & 4. 

From drawings by Mr. G. T. (4william. 
pLAxr 3 

Figs. 1-7. lletmimijium ahotense. 

Fig 1. Transverse section of stem, showing stele with pericycle. and cortex with sclerotic 
masses and Sparganum hypodeuna 

A., A., leaf-base with throe bundles presened (cf. fig. 2), , next inner trace, with 

four bundles in paiis; C., C, tiace further in, consisting of two double bundles 
(cf, fig. 6); D., innermost trace of two bundles 
X 7. Slide S. 2791. 

Fig 2, Transverse section of leaf-base attached to stem. The four bundles (v.^.) in the 
leaf-base are evident. 

sc., sc., sclerenchyma delimiting leaf-base at the sides; sp, scleiotic plate 
X6. Slides, 2787, 

Fig. 8. Detached petiole, containing eight bundles in four paii s 
s p., sclerotic plate. 

X 6. Slide S 2787. 

Fig. 4. Leaf-trace consisting of two bundles {v.h ), starting frimi the stele, 
s^., stelar wood. 

X 26. SUde S. 2794. 

Fig. 6. Part of primary xylem, showing three peripheral strands. 
px , protoxylera of one of the strands, 

X 26 Slide S. 2792. 

Fig. 6. Part of stele and half a leaf-trace. 

a:.*, secondary xylem beginning to form on stele, pc , pericy cle; double bundle, 
forming one-balf of the trace C., C., shown in fig 1. 

X 46 Slide S. 279L 
Fig. 7. Part of pericvcle and inner cortex, 

pc., pericycle, with numerous sclereides j c., inner cortex with a large sclerotic plate. 
X33. Slides. 2791. 
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Figs. 8-12. Keteranffium tilusoides. 

i’ig. 8. Transverse section of stem from specimen 3, showing two leaf-traces. 

inner trace consi^ing of two bundles starting from stele; f\b.% outer trace, 
consisting of two bundles in the pericycle, each showing signs of division; 
pc,, pericycle ; c., portions of cortex. 

X 9. Slide, Univ. Coll., N. 12. 

Fig. 9. Part of stem from the same series, higher up, showing the outer trace now in 
the cortex, and consisting of two double bundles. 
jc., primary, .r.®, secondary xylein of stele; p/#., phloem; pc , pericycle; c., cortex. 

X 12. Slide, Manchester, Q. 58. 

Plate 4. 

Fijr. 10, Detached petiole, containing four distinct bundles, sp., sclerotic plates. 

X 18. Slide W. 1024. 

Fig. 11. Transverse section of adventitious root, tetrarch or possibly pentarch, with secondary 
wood; outer cortex probably missing. 

X 30; Slide, Univ. (’oil., N. 12. 

Fig. J 2. Part of young stem, from specimen 4, showing a double leaf-trace. 

.r., jirimary, .r.^, secondary xylein of stele; pA., phloem; pc., pericycle in which the 
two sti'MiKls of the leaf-trace are embedded. Cf. PI. 1. Phot. 8. 

X 18. Slide S. 1323, 

Figs. 13-18, Hetermigium Lomnni. 

Fiji. 13. Form )3. Transverse section of stem, apectiuen 2, showing stele with a small 
amount of secondary wood, pericycle, and cortex. 
r.A, c.b,, the two bundles of the leaf-trace; the two protrusions of tlie wood between 
them are (‘ouiiected with the bases of adventitious roots. 

X (o. Slide S. 445. 

Fig. 14. Form l*art of the xylem in radial section, passing through a peripheral blraiid. 
p.r., protoxyleui; x., piiuiary, secondary xylem-elements. 

X 133. Slide* W. 1915.11. 

Fig. 15. Form j8. Part of tlie cortex in radial section, showing the Sparganum hypoderma 
Oil the outside, three sclerotic masses in the inner cortex, and pericycle below. 

X 20. Slide, Manchester, P.638. 

Fig. 16. Form specimen 2. Transverse section of stem, showing the crushed stele, with 
a possible double leaf-trace (wb.'), pericycle, and cortex; in the latter the large 
and numerous sclerotic masses are conspicuous. 

X 10. Slide S. 236. 

Fig. 17, Form «, specimen 2 a. Transverse section of a smaller stem. A double leaf-trace 
is passing out. 

v,h., one of the two strands in the outer cortex ; vM?^ the other strand displaced, 

X 7 6. Slide S. 236. 

Fig. 18. Detached petiole, transverse. 

v,h., the four bundles of the petiole ; r., an intrusi\e root of the Kalodglon*' type. 

X 30. Slide 8. 236. 

Heterangium vihiimum. 

Fig. 19. Transverse section of stem. 
v,h,, leaf-trace beginning to divide. 

X32. Slides. 1813. 
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HOOKEK LECTURE: 

mUBSDAT, 7th JUNE, 1917. 

By Pbofessor F. 0. BOWER, F.R.S., F.L.S. 


Having for over thirty years occupied the Chair of Botany which Sir William 
Hooker rendered famous by two decades of strenuous work,—in the University 
of Glasgow where Sir Joseph Hooker graduated,—it seems apposite for me to 
take as the subject of the Hooker Memorial Lecture the Natural Classijicatim 
of Plants. For no greater Systematists than the two Hookers existed during 
their own period. And I may be pardoned if I draw my illustrations largely 
from the group of the Filicales, since Sir William Hooker was the greatest 
of descriptive Pteridologists. 

The life-work of the Hookers, father and son, bridged a critical period in 
the progress of Natural Classification, A vital difference of view separated 
their outlook on living organisms. Sir William was the very embodiment 
of the older regime, which laboured under the dogma of fixity of 8[)ecie8. 
Sir Joseph wns the first botanical exponent of the belief that species are 
mutable. Between them came Charles Darwin, who created that complete 
change of outlook which followed on the publication of the ‘ Origin of 
Species’ in 1859. The effect upon Natural Classification, brought about 
by this revolution of thought, is the theme I shall endeavour to discuss. 

It will not be necessary to refer in detail to the earlier history of Natural 
Classification. We need do no more than take passing note of archaic 
efforts. The recognition and naming of plants must have been initiated 
by primitive man, for plant-names figure in all languages. More specific 
designation and delineation were introduced as a consequence of the appli¬ 
cation of plants to practical uses as foods, or medicines, or in the arts. The 
mediaeval Herbalists depicted many such forms ; but they treated them rather 
as isolated phenomena, illustrating the ability of the Creator, than as having 
any nearer causal relation. Their similarities led to their grouping into 
families ; but the very likeness which the members of these families shov^ed 
was regarded as exhibiting ingenious variation upon a divine plan of con¬ 
struction. And so, amid admiration tinged with reverence, there grew up 
Systems of Classification, chiefly founded upon external similarity. Such 
oarly schemes are described as artificial,” for they were based upon few 
qualities, and those arbitrarily selected. Convenience was the motor impulse 
UKN. JO0BN.—^BOTANY, VOIi* XWV, K 
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of tlwir oonstniction. Th« Sjriem of lannsens was Uie oolminalaon of soeh 
efforts. Bot later the method became more “ natural,” being based, like 
that of Do Jnssien, upon a wider area of diagnostic features. This change 
led up to the period, about the opening of the 19th Century, when Sir WiHiam 
Hooker began his life’s work. He joined with vigoor in the recognition, 
delineation, and description of new forms, and the classification of them in 
their nainral affinities. Under his hands the Q-lasgow Garden became one 
of the most notable in Europe. The port of Glasgow traded with every 
quarter of the globe. This gave unusual facilities, and Sir William used 
them to the full. The result was that amazing output of descriptive work 
which marked his tenure of the Glasgow Chair, and it was continued at Kew 
till the end of his life in 1865. 

The five volumes of the ‘Species Filicum,’ condensed and crystallized 
later into the ‘ Synopsis Filicum,’ constituted his magnum opu». It may 
be taken as a typical example of the best systematic works of the immediate 
Pre-Darwinian Period. It gives an insight into the method of its author, 
and in some degree reflects his outlook. The work is analytic rather than 
synthetic, though flashes of synthetic inspiration are scattered through its 
pages. It describes, from personal observation and in meticulous detail, 
a vast number of forms. The specific diagnoses and records of distribution 
are a veritable mine of exact statement, which later systemntists have freely 
worked. But the author did not originate any new system. He adopted and 
modified that of Presl’s ‘ Tentamen.’ The chief merit of the book will always 
rest upon what its very title conveys—that it gives a conspectus of all the 
then known species of Ferns. The limits of the genera in which those species 
were grouped gave rise to differences of opinion with other writers. Presl 
had published his ‘Tentamen’ in 1836, somewhat eailier than Sir William 
Hooker’s beautifully illustrated work on the ‘ Genera Filicum.’ Comparison 
of the two books shows that there is a wide discrepancy in the nuaaber 
of their genera. Where Presl recognized 132 genera, Hooker retained 
only 75. This at once indicates a salient feature of his method. He 
merged many genera, ranking them as sub-genera under more comprehensive 
headings. One reason for this was his mistrust of anatomical data, of which 
Presl made great use. But at least one other reason influenced him,—that 
of convenience in diagnosis. An example will illustrate this point. In 
placing Plagtogyria under Lomaria he objects to the use of its oblique 
annulus as a diagnostic character, because of its requiring microscopic 
examination, and the inconvenience “ in a work whose main object is to 
assist the tyro in the verification of genera and species.” Natural habit, 
he remarks, is often a safer guide than minute microscopic characters. 
And further, he states that “ those Botanists who have showed themselves 
peculiarly addicted to multiplying genera have not always taken Nature as 
their guide, nor succeeded in eliciting a simple and tangible arrangement.” 
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It thus appears that convetiienoe of application was at times admitted by 
Sir William Hooker as a factor in his method. 

Within the genus he grouped the species in a manner best illustrated in 
large genera, such as Cyath^a and Alsophila, The species are arranged 
according to the complexity of branching of their leaves, from those which 
are entire or simply pinnate, to those with more complex branchings. In 
many genera the venation is used in diagnosis and grouping. A further 
segregation was made according to geographical distribution. These and 
many other characters are used ; but it appears that they are called in 
for purposes of diagnosis rather than those of synthesis. The object of the 
author may have been in wish and intention to follow the dictates of 
Nature. But along with this went in practice the laudable desire to make 
the determination of species easy. 

That the arrangement shown in the ‘ Synopsis Filicum ^ resulted in 
something approaching to a natural grouping of the Filicales is undeniable. 
Anyone, in the liglit of present knowledge, can criticise it in detail. But to 
denounce it as thoroughly artificial (“ durchaus kiinstlich ”), ns Professor 
von Goebel has done, is grievously to underestimate the merits of a great 
systematic work *. 

Nevertheless, it must be confessed that the arrangement of the Sub- 
Orders of the Filicales in the ‘ Synopsis ’ was in some measure according to 
tradition, or to chance. C^itcnmstance rather than conviction appears to 
have dictated it. The placing of the Gleieheniacese first coincides with the 
arrangement in the ^ Tentumen ’ of Presl. The sequence of other families 
corresponds frequently, though not in detail, lo that of the Prag Professor. 
The relegation of the Osmundaceae, Schizsoacea), Marattiaceae, and Ophio- 
glossaceae to the end of the hook is probably a mere consequence of those 
families having been omitted from the ‘Species Filicum,’ and they appear in 
the ‘Synopsis^ as an addition (see Preface). Thus the arrangement of the 
Sub-Orders seems to have been for Sir William a relatively trivial matter, 
and it is certainly not according to Nature. But the intra-generic and 
generic groupings are often those which will take permanent place as 
knowledge increases, though this is certainly not the case invariably. We 
conclude, then, that the permanent importance of the work centres in the 
specific diagnoses, rather than in the limitation or arrangement of the genera, 
or larger groups. In this respect it is characteristic of those systematic 
works which wore produced under the belief in the Constancy of Species. 

The outlook of the Pre-Darwinian Systematist must have been highly 
unsatisfactory to any intelligent man. On the one hand, lie found the 

* This verdict, expressed in * Flora,^ 1896, p. 76, has been rebutted in detail elsewhere. 
^'Studies in the Morphology of Spore-producing Members,” Phil. Trans, vol. 192 (1899), 
p. 181. 
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i^ply ingrained belief ini the Constancy of Bpecies* This dootrine^ intr^ 
dnoed originally by Linnaeus as a summation of his experience, was for a 
century accepted by his followers as established truth. But, on the other 
hand, there was a growing sense of the kinship of living organisms* 
** Natural AflSnity was instinctively recognized as a consequence of close 
comparison. The instinct translated itself into methods of grouping together 
such forms as have prominent features in common into genera and families. 
Such relationship and consequent grouping was exemplified in all divisions 
of the Vegetable Kingdom. If this was merely a reflection of the plan of 
separate Creation of Constant Species, well might Elias Pries remark that 
there was quoddam mpematurale ” in the Natural System. 

The fact is that the doctrines of independent creation, and of constancy 
of species are incompatible with the idea of affinity in tbe ordinary sense of 
the word. This was doubtless in the minds of the Systematists of the early 
19th Century. But many of them, like Sir Willi«im Hooker, were content to 
expend their labour upon the recognition and reooid of those affinities,’^ 
without raising the inconvenient question of causality. Such difficulties 
vanished with the collapse of the doctrine of Constancj of Species, and 
the establishment of the theoij of Evolution thiough Mutability. The 
results already achieved in Natural Classification then found a new inter¬ 
pretation. Affinity was held to mean some degree of relationship by 
Descent. A Natural Classification, if correctly constructed, would then 
be understood to visualise what remains of the evidences ot Genetic History* 
In fact, Classification and Phylesis should coincide. 

The question may, l^owever, be asked by those concerned especially in 
Systematic Work, whether convenience is to be wholly ignored in the 
systematic arrangements in use at the present day. It has been seen that 
Sir William Hooker still admitted that convenience of application should 
modify the method he used in the ‘ Species Filicum.’ Therein he, as a 
Pre-Darwinian, continued the practice which underlay, in more or less 
degree, all the antecedent Artificial Systems. A very real object before 
the early writers was readiness of identification of species believed to be 
distinct, though in some way related. An insistent question for us now, 
in the light of Evolutionary Belief, is whether or not convenience is 
still to be allowed to modify the systematic exposition of phyletic con¬ 
clusions, so as to render identification practically easy? The answer 
should be a resolute negative. This is, indeed, the only answer for those 
who clearly see in Systematic Arrangement a reflection of Genetic History. 
But still some degree ol convenience can be gained without the violation 
of affinities demonstrated by more minute analysis When such demon¬ 
stration has been given, it should still be possible to construct analytical 
keys, which would serve for ready systematic identification, without 
involving all of the exacting observations of the laboratory. But m wfitinp 
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detailed Systematic Works the sole endeavour must be to arrange the material 
so as to indicate 2 >hylesis. 

It seems easy at the present day to grant this in theory, but it is difficult 
indeed to carry it out consistently in practice. For it involves the whole 
problem o£ Natural Relationships, which should be based upon the sum 
of all knowledge relating to the organisms classified. It is then little 
matter for surprise that the change of outlook, necessarily following on 
the acceptance of Evolutionary Theory, reacted very slowly upon the 
Classifications current during the second half oi the 19th Century. We 
may take as an example the Magnum Opus of Bentham and Hooker, the 
* Genera Plantarum,^ undoubtedly the greatc st systematic work of the 
period. The object of the book was to formulate, on the basis of personal 
observation, the generic diagnoses of Flowering Plants. The grouping 
of those Genera into Orders, and the arrangement of the Orders among 
them&ehes were left substantially as in the s}fetomatic works current at 
the time : for instance, in the ‘ Prodromus ^ of De Candolle. The old Sub- 
Classes were retained. The Monochlamydem were kept apart as a separate 
Sub-(3ass, and the Gymnosperms were spliced in between the Dicotyledons 
and Monocotyledons. It does not follow, however, that this would be 
the considered opinion of the author of the Monograph on Welwitschia. 
It seems ob\ious that in a woik, the value of which consisted in the 
definition of geneia, the further problem of the grouping of those genera 
was not undertaken. The current grou[)ings were retained so as not to 
raise questions apart from the imnie<liate ta'^k. Howe\er deeply Sir Joseph 
HookerN mind was imbued with evolutionary belief, such views w^ere not 
obtruded in the text of the joint authors. Nevertheless, those who study 
the last sections of the Ordinal Diagnoses of the ‘ Genera Plantaium ^ will 
find indications of affinity far in advance of the Classification which the 
authors had retained. But since the general scheme of arrangement 
followed that in \oguo in Pre-Evolutionar} days, the ‘ Genera Plantarum ’ 
may be classed as technically belonging to that period. We thus see 
that the effect of the Dogma of Constancy of Species, as reflected in 
S)8tematic books, lasted long after it had cea^^ed to hold the field. The 
reason for this is to be found in the impossibility of remodelling the 
broader lines of classification until time had familiarized the new aspect 
of old facts ; and it was necessary to wait till the multitude of new facts 
essential for full argument should bsive been acquired. 

It might thus seem to the superficial observer as though Natural Classi¬ 
fication had benefited little by the advent of Evolution. The charge 
of ultraKJonservatism, or even of inconsistency, might ignorantly be laid 
against great men of science, such as Bentham and Hooker; though the 
only possible ground for such a charge might actually be their unwillingness 
to force a change prematurely. This is probably the chief reason why, 
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long after the publication of the ^Origin of Species/ the Natural 
Classification of Plants was still concerned rather with the distal twigs 
than with the main branches of the Evolutionary Tree. Even now, the 
question whether there was really a single trunk is unsettled, mot only 
for the Vegetable Kingdom at large, but also for its chief Divisions. Such 
questions as the genetic relations of the Bryophytes and Pteridophytos: or 
of the Gymnosperms and Angiosperins: of the inter-relations of Mosses 
and Liverworts, or of the several phyla of Pteridophytes, are still ipatters 
of speculation rather than of demonstration. Nevertheless, the assembly of 
the members of each into genera, and i groups of genera, is already well 
advanced. The sequence of steps is naturally backwards from species and 
genera to groups of genera, and orders: and thence to groups of orders. 
But the argument proceeds from the distal to the proximal with ever 
increasing uncertainty. Natural History is in fact like any other history— 
a cult which is liable to lose its precision as it extends backwards into the 
mists of the past. 

In 1909 the sixth edition of Engler’s ‘ Syllabus of the Families of 
Plants’ was published. It contains on its opening pages a statement of 
the “Principles of Systematic Arrangement.” This, though not by any 
means exhaustive, may yet be taken as an Index of the point of view 
entertained exactly fifty years after the appearance of the ^ Origin of 
Species.’ It is true that it relates almost entirely to Flowering Plants, 
as is natural since Professor Engler has been chiefly engaged upon them. 
Using freely the observational results acquired by such predecessors as 
Braun, Eichler, Bentham, and Hooker, he has proposed extensive re¬ 
arrangements of the Families of Flowering Plants, in accordance with 
the phyletic views set forth in his Introduction to the Syllabus. Apart 
from those statements which have their special reference to Flowering 
Plants, he enunciates among his Principles some which are of general 
application. For instance, the facts of Ontogeny are held to be of the 
first importance, as reflecting the probable course of Descent. But it is 
pointed out that the facts of progress of individual organs from a phyletically 
early state to the advanced are not usually available. It is recognized that 
a character of value for comparison in one circle of afBuity may be valueless 
in another. On the other hand, those characters which remain constant in a 
phylum are of special value in its comparative treatment. Insistently the 
question will arise whether parts relatively simple in character are actually 
primitive, oi the result of redaction. The value of anatomical data is freely 
acknowledged ; but those characters which are not in direct relation to 
external conditions are to be estimated more highly than those referable 
to adaptation. Combinations of progression in characters independent of 
one another are recognized as epeoially important. Finally, the facts 
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of PalsBontology are held as trustworthy, so far as they go. These are 
among the principles which may be observed in the quest of a Natural, 
that is essentially a Phyletic Classification. 

Those engaged in such enquiry will assent to the soundness of Pro-* 
fessor Engler^s Principles, which are indeed substantially those which were 
already in general use. But the feeling most prominent in the mind, after 
reading his statement of them, will be the hopelessness of the full realization 
of the quest under present conditions, in the case of Flowering Plants. The 
weakness of the evidence is specially marked in respect of the two lines 
which should be most prominent: viz., Anatomy, and the Palseontological 
record. Vascular Anatomy in Phanerogams has been robbed of its chief 
phyletic interest, as Dr. D. H. Scott has indicated, by the disappearance 
of the old centripetal wood, and the substitution of the new centrifugal 
wood, which is secondary both in the individual and in the race. Only 
vestiges of the old wood remain in some few Gymnosperms. In the 
Angiosperms it is absent. Accordingly the study of vascular anatomy 
in them relates to relatively recent developments. The ancient structural 
documents have been irretrievably lost. 

Similarly, in the fossil record the documents are wanting for the phylesis 
of Flowering Plants. The outburst of the Angiosperms in the Mesozoic 
Period has left, so far as we yet know, little trace in the form of fossils with 
structure. Moreover, such impressions as are found relate commonly to 
leaves and sterns, while flowers and fruits are wanting. The attention com¬ 
manded by the record of Cretovarium by Dr, Marie Stopes (Ann. of Bot. xxiv. 
p. 679) depended greatly on the rarity of the occurrence of such remains, 
for it harmonized readily enough with general anticipation. Three other 
circumstances afiect the solution of the phyletic problem of the Angiosperms 
adversely. The first is the completeness of differentiation of the vegetative 
and propagative regions, which have diverged under adaptive modification 
each along its own lino. The second is the directness of adaptation of their 
vegetative system to the environment, which obliterates the archaic, and 
tends rather to present the recent features. The third is the relatively dead 
level which these plants have reached in the details of their propagative 
process. The depressing uniformity of the pollen-sac and of the ovule 
in Angiosperms leaves little scope for comparative treatment in organs 
which might otherwise have been full of hope for the morphologist. 

Before any general success can be expected in resolving the phylesis 
of Flowering Plants, so as to establish their main lines of descent, new 
evidence will be necessary. There will have to be an extension of the 
criteria of comparison. Already there are signs of this in the more accurate 
comparison of details in the ovule, introduced by Van Tieghem. An 
intensified search will also have to be made after specimens showing 
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itnrotural detail from tbe Mesoaoi<$ Bocks* For it was at the perM 
when these were laid down that the immediate ancestors of the Angiosperms 
fiomisbed. 

Methods of enquiry such as these applied to Flowering Plants are equally 
applicable to other divisions of the Vegetable Kingdom. The cogency of 
the results will vary with the variety and consecutiveness of the evidence* 
The cnteria of comparison will naturally be different. For instance, in the 
Fungi dependence must be placed on the propagative, rather than the 
vegetative system, while palaeontological evidence is virtually absent. In 
the Bryopliytes, as also in the Algse, the vegetative system gives greater help 
than in the Fungi: but again palaeontological evidence is lacking. Becent 
observations, hov\ever, point to the existence of sporogonium4ike bodies even 
from the Lower Devonian: thus indicating, on a basis of direct evidence, 
a higher degree of antiquity than had previously been contemplated. 

There remain the Pteridophy ta. In them, and particularly in the Filicales, 
evidence Loin various sources converges, so as to form a wide basis for their 
phyletic airangement. The results may indeed be held as more effective 
here than in any other large group of Plants. We know from the fossil 
record that organisms rightly lanked as Ferns date back far into the 
Palssozoic Period, Such types, with modifications, may be consecutively 
followed through successive horizons to the Present Day. Comparison shows 
that some, though relatively few of the Ferns now living, correspond to the 
archaic types of the Palaeozoic ; while those of successively later horizons are 
represented more and more freely in our present Flora, Finally, the great 
mass of our living Ferns show characters which stamp them as distinctly 
modern. Old though the Filical type undoubtedly is, we conclude from 
inner comparison, as well as from the Fossil Record, that the fullness of its 
development is that which we see in the majority of the living Ferns of the 
Present Day. It is not a type which has stood still, but one which has con¬ 
sistently advanced : and the advance has been as definite as that of the 
Flowering Plants, but along quite different lines. Thus the Filicales offer 
a singularl} instructive field for the application of a phyletic method, so as 
to elicit a really Natural Classification. 

The basis upon which conclusions as to the evolutionary sequence of such 
a group as the Filicales are to be arrived at, is at root that of the Natural 
System of (Classification, as commonly practised. It depends upon the 
recognition not of one character or of two, arbitiarily selected as suitable 
for ready use ; but of as many characters as possible, which shall collectively 
serve as criteria for comparison. In respect of each of these, variation will 
be found as we pass from type to type. Such variations must be seriated, 
and it will usually appear that they fall between two extremes. The question 
then arises of the relati\e age of these extreme tjpes. They may, of course, 
have resulted from divergence from some middle type, and the enquirer 
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should always be prepared for this. But usually they be«r the relation of 
one extreme being relatively primitive, and the other relatively advanced. 
Such a conclusion, based on comparison, should whenever possible be 
checked by reference to the Fossil Record. Thus with a higli degree of 
certainty that which is archaic may be distinguished from the more modern 
type, in respect of the character in question. 

A good illustration of the effect of the Pala30iitological check is found in 
the Filicales in respect of the type of sporangium. Von Goebel, in 1881 
(Bot. Zeit. p. 717), distinguished the more massive types of ^^porangiuin seen 
in the Ophioglossacea? and Marattiacese as Eusporaiigiate ; while the more 
delicate types characteristic of the Poly pod iacea) were styled Lepto- 
sporangiate. Both are Filical types. Do they stand to one another as 
relatively primitive, and relati\ely advanced ? If so, which was the earlier ? 
1 had written in 1889 (Ann. of Bot. iii. p. 305) a paper on “ The Com¬ 
parative Examination of the Meristoms of Ferns as a phylogenetic study 
All their meristems were shown to exhibit a parallelism with the sporangia 
in point of complexity. 80 that the difference betw cen the Eusporangiate 
and the Leptosporangiate is really a difference of organization of the whole 
plant. Influenced by the general opinion of the time,—itself based on 
the assumed affinity of the Ilymenophyllaceje to the Mosses,—1 then held 
the simpler Leptosporangiate type of organization to be the more primitive. 
But here came in the value of the Palseontological check. Stimulated by a 
paper of Professor Campbell, as cogent as it is brief (Bot. Gaz. vol. xv. 
Jan. 1890), the question was re-examined in the light of the fossil evidence. 
The virtual absence of Leptosporangiate Ferns fiom the Palaeozoic, and the 
prevalence of the Eusporangiates at that period led to the inversion of 
the series (Ann. of Bot. vol. v. 1891, p. 109)—a position now generally 
accepted. Sporangial structure, which is an index of a bulky organization 
and complex segmentation of all the parts in certain types, and of a less 
bulky and complex construction in others, may accordingly be taken as a 
criterion. As exemplified hy Fern sporangia, the more bulky Eusporangiate 
type is the more primitive, the leSvS bulky Leptosporangiate type is relatively 
advanced. 

How far this will serve as a real index of their general organization is 
shown by the com[)arison between the sporangia and antheridia of the same 
plants, first instituted by von Goebel. It is found that where the sporangia 
are large and thick-stalked, or even sunken as in Ophiofj/lossvm^tho antheridia 
are relatively large and are sunken too; while in the Leptosporangiates, wdih 
their smaller sporangia and long stalks, the antheridia are also stalked and 
relatively small. The comparison even extends, though not with numerical 
accuracy, to the numbers respectively of spores and of sperms. Where the 
rfumber of spores per sporangium is large, as in the Eusporangiate Ferns, 
the spermatozoids are also very numerous in each antheridium : in the 
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liepiosporangiatafi, where the epore^numbers are relatively email, the namber 
o£ eperms is smaller also. Such facts give confidence in the value pf this 
criterion, indicating that the sporangium is a real index of relative oonw 
plexitj of organization, which is thus seen to extend to the gametophyte 
generation. 

In similar ways other criteria have been established. Each has been 
checked by comparison, and as far as possible according to the fossil 
evidence. The most important may be tabulated as follows for tbe Filioales, 

i.-xiii. relating to the sporophyte, xiv.-xvii. to the gametophyte:— 

i. Esstemal form^ the upright radial shoot being relatively primitive, 
the prone derivative, but with frequent reversions to the upright. 

ii. Cellular segmentation, the more complex being primitive, and the 

less complex derivative. 

iii. Dermal appendages, simple hairs being primitive, and scales de~ 

rivative. 

iv. Stelar structure, the piotostele being primitive, and successively 

tlie inedullated proto&tele, the Lindsaya-ty^e, the solenostele, and 
the dictyostele being derivative. The progression may in ceitain 
cases be followed in the ontogeny. 

V Leaf^trace, the coherent being primitive, and the divided trace 
derivative. This may also be tollowed in the ontogeny, 
vj. Venation, the open venation being primitive, and the leticulate 
derivative. With this goes the webbing^’ of the leaf to form 
large laminar areas. 

vii. 8oral poMim, the marginal being the prevalent primitive type, and 

the superficial frequently, or perhaps always derivative. 

viii. Soral construction, the simple simultaneous sorus being primitive, 

the gradate a frequent middle condition, and the mixed sorus 
derivative, 

ix. Indusial protections, none being present in primitive types; various 
in form in intermediate types : but again indusia are absent in the 
most advanced, 

X. Sporangial structure, eusporangiate being primitive, and lepto- 
sporangiate derivative. 

xi. Mechanism of dehiscence : the annulus is indefinite in structure, with 
median dehiscence in primitive types : oblique and continuous, 
with lateral dehiscence in intermediate types : vertical and inter¬ 
rupted, with lateral dehiscence in advanced types. 

xii. Spore^output : large (t. e., typical numbers 128, 256, 512,1024, &c.) 

in primitive types: small (e.g., 64, 48, 32, 24, 16, 8, &c.) in 
derivative types. 

xiii. C/iaracter of spore t the form is not a reliable character., except in 
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near circles of affinity. The perispore is absent in most primitive 
types ; but it is present in many derivative types. 

xiv. Form of prothallus : relatively massive in primitive types, relatively 
delicate in derivative types. But the character is unreliable, 
xy. Sexual organs ; sunken in primitive types, projecting in derivative 
types, 

xvi, J!fumber of spermatocytes in each anthcridium : large in j)riinitive 

typos, smaller in derivative types, 

xvii. Embryology : with suspensor present in a lew primitive types, but 

mostly without. The embryo relatively massive with axis vertical 
in primitive types, more delicate with axis prone in derivative 
types. 

These are the most important criteria for the phyletic seriation of the 
Filicales. Many others are possible, and those stated raise many side-issues. 
Their value individually is undeniable; but it is vastly enhanced by the fact 
that the progression which eacjh criterion shows in its own individual feature 
runs parallel, as a rule, with progressions in the features of other criteria. 
For example, Eusporangiate Ferns have a relatively complex cellular seg¬ 
mentation, hairs as dermal appendages, usually an open venation, a simple 
type of sorus, without indusium, massive sporangia, deeply-seated sexual 
organs, and an upright embryo, sometimes with a suspensor. The more 
advanced Leptosporangiate Ferns have a relatively simple cellular con¬ 
stitution, scales as dermal appendages, frequently a reticulate venation, 
gradate or mixed sorus, often indusiate, small sporangia, exposed sexual 
organs, and a prone embryo with no suspensor. Such parallelisms of 
progression in a plurality of criteria may also be traced more or less 
clearly, and with a high degree of constancy, within nearer circles of 
affinity. 

On the other hand, occasional exceptions occur. Thus Cheiropleuria^ 
which is Leptosporangiate, has a protostelic stem with dermal hairs ; but 
its leaf shows an advanced type of reticulation, and an Acrostichoid sorus. 
The axis in this case has retained its archaic characters, while the leaf has 
advanced. But the converse is seen in the Marattiaceaj; for in them tlie 
typical eusporangiate sorus is retained while the vascular system of the 
stock is broken up into a complex plexus of reticulated strands. Here 
the sporophyll remains archaic, while the axis has structurally advanced. A 
somewhat parallel case is seen in Ophioglossum (Cheiroglossa) palmatum^ 
where also the stock is swollen and sappy, and the stele is disrupted into 
numerous strands. Such exceptional cases do not negative the method ; but 
they serve to remind us that it is Organic Nature, w ith all its resources of 
adaptation, that is being dealt with, not a mere mechauisiu designed after 
fixed rules. 
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This is neither the time, nor the place to describe iti detail the results 
which have followed from this more searchiug application of the Natural 
Method of Classification to the Filicales. It must sufBoe to say that in 
certain features they coincide with the results of the older Systematisls, 
which were based largely on external features. This is a high testimony to 
the acuteness of their perception of afiElnity* But it applies rather to the 
genera and species than to the larger groups. We have seen how assumed 
affinities or mere circuinstance appear to have determined the arrange* 
ment of these in the * Synopsis Pilicum.’ There is little evidence of any 
better method in the arrangement in Engler’s ^ NatUrlichen Pfianasen* 
familien.’ The Hymenophyllaceae are there placed first, and then in 
succession the Cyatheacese, Polypodiacese, Parkeriaceae, Matoniacese, 
Gleicheniaoeae, Sohizseacese, and Osmundacese; while the Hydropteridese 
are spliced in between these and the Marattiaceae and Ophioglossaceae. It 
is difficult at fiist sight to trace any method in such a disposition. It may^ 
however, be seen to coincide in the leading features with the views of PraiitU 
For he regarded the Hymenophyllacese as the source of the Lepto* 
sporangiates and the SchizsBaoeae as the source of the Eusporangiates, 
these two main phyla being distinct. The airangeinent is better in ChrisPs 
* Farnkrauter ’; for the Eusporangiates, though placed last, are at least 
in near relation to other Simplices. But it would be difficult to justify 
phyletically the juxtaposition of the Hyinenophyllaceae, still placed first 
of all, with the Acrosticheae, which immediately follow them. The plain 
fact is, that up to the end of the 19th Century tlieie was little attempt 
at a definite method in the disposition of the main groups of Ferns in 
the Systematic Works The larger groups were still treated as though 
they represented types isolated from one another in their Descent. It is 
true that Prantl (Arb. Konigl. Bot. Garten zu Breslau, 1892) lepresented 
by a graphic figure his conception of the phyletic relations of the main 
groups. But that figure shows that he believed his Osmundales (which 
included the Eusporangiates, together with the Schizseaceae, Gleicheniacessj 
and Osmundaceae) to be phyletically distinct from his Pteridales (which 
included all other Leptosporangiates). The one he traces from the 
Schizaeaceae; the other from the Hymenophyllaceae, which his figure 
suggests as having originated from some common but unknown ancestor* 
This view is an improvement on the haphazard methods that preceded it. 
But it breaks the continuity of those lines of descent which are now rapidly 
assuming clearer definition. 

Two channels of recent investigation have materially helped towards that 
clearer presentment: viz., the pursuit of vascular anatomy in Ferns, living 
and fossil; and the study of those types which had suftered vicissitudes of 
classification, as shown by the richness of their synonymy. To the former 
the main contributions have been those of Bussow, Foirault, the Bertrands 
father and son« Gordon, Boodle, Tansley, Eidston, Jeffrey, Gwynne* 
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Vaughan, and Lang. These have filled in many of the links in the chain 
of evidence. They tend to demonstrate a consistent progression in stelar 
structure of the primitive Ferns, fossil and living. It is found to accord 
generally with the characters of their fructification, and with stratigraphical 
sequence. It is true that on purely anatomical grounds, and without due 
reference to the phyletic position of the Ferns compared, or the cogency 
of their stratigraphical sequence, objection had been taken by the Harvard 
School to certain well-founded conclusions. But this serves mainly as 
a warning against reasoning based, as theirs has been, upon a single line 
of evidence, pursued without due consideration of others. 

The second method of investigation is by the enquiry into those Ferns 
which bear many synonyms, and have obviously been difficult of classi¬ 
fication under less searching methods. They now stand revealed as missing 
links in the phyletic chain. Their being such explains the difficulty they 
had presented to the early Systematists. As examples, Lojyhosoria, Meta,rya^ 
and Cheiroplevria may be quoted. Each of them had been merged by 
Sir William Hooker, in consequence of his aversion to anatomical evidence, 
into other large comprehensive genera. But they have since been re¬ 
established as substantive genera. Lophosoria links the Gleicheniacese with 
the Oyatheae; Metaxya helps to connect the Gleieheniaceae >^ith Elapho- 
glossnm ; while Cheiroplevria indicates how, from a type like the Dipterids, 
a number of later forms may have sprung—and in particular that strange 
genus, riatycerium. Another most important connecting type is Loxsoma, 
and probably also the little-known Oosta-Rican Fern, Loxsomopsis^ which 
indicate a transition from the Schizseacefo to the Dicksonioid Ferns. But 
we need not here attempt to exhaust the list of such connecting types. It 
is merely intended to indicate how^ their recognition serves to link up those 
sequences which form the lower branches of a phyletic system of the 
Filicales. 

An intensive study of large genera is another line which has been pursued 
with success. For instance, the examination of many species of Blechnum 
has disclosed how that genus, springing from some Matteuccioid source, 
formed its characteristic fusion-sorus. This then spread over the leaf- 
surface to form the Acrostichoid developments of Brainea and Stenochlcma : 
or it broke up into short lengths, as in Woodwardia and Doodya ; or, if 
these were displaced by surface-growth, the result appears in the cha¬ 
racteristic features of Scolopendrivm and Asplmium, These are quoted 
as instances of the methods now being pursued in the phylesis of Ferns, 
and of the results which have followed. 

A consequence of the more firm establishment of a number of distinct 
phyletic lines has been to show more distinctly than before the falseness of 
certain old-established genera, practically convenient as these may have been. 
Polypcdtum^ Acmtio/mm, and Gymnogramme^ in the old comprehensive 
aense, ar^ all doomed to dissolution. They are not genera in the phyletic 
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but stated or conditions, which appear to hare been arrived at alon|^ 
a plnrality of linos of evointion* This had long ago been recognised in 
the case of Phegoptens^ which is Polypodioid merely by abortion of the 
Dryoptorid indusinm: it is quite distinct racially from EupclypoiivM^ 
NiphoholuB^ or PhymatodeBy in which there is reason to believe that no 
indnsium ever existed. It thus seems probable that the Polypodioid state 
may have arrived along a plurality of distinct lines. The same is the 
case with the Acrostichoid state. All that now remains of the genus 
Acrostiehumi according to Christensen’s Index, are A, aureum and joro?- 
Btantmimum, And those are now seen to be derived from PtenB* Other 
Acrostichoid Ferns have arrived from some five other phyletic sources. 
Though the matter is not yet worked out in detail, it may be confidently 
asserted that the large congeries of Ferns styled Gymnogramme had also a 
plural phyletic origin, some of the species being originally destitute of 
indusium; others, such as 6r. Pozoi^ being destitute of indnsium by abortion. 
The species named is clearly a non-indusiate Aspleniuin^ as is al«o the genus 
Aspleniopsis Mett. 

New attempts to group the Fihcales phyletically have thus resulted in the 
recognition of a number of lines, divergent, parallel, or convergent, all 
starting from Eusporangiate sources. These were characterized by having a 
simple sorus, consisting of few sporangia, or even of a single one. There is 
reason to believe that the fjosition of that soius was in the first instance 
marginal. Tliat is its position in the Botryopterids, the OphioglossacesB, the 
Schizmacese, and OBtnunda, all very primitive types. In others, as in the 
Marattiaceas, the Q-Ieicheniaceae, and Todea, the position is superficial. 
But in several lines of de&cont, notably among the derivatives trom the 
Sohizseacese, a transition from the marginal to the supeificial by gradual 
steps can be traced. And it seems probable that such a transition is 
accountable tor the origin of a superficial position in the other types 
also* But in them it was carried out at an earlier period in Descent. 
We may designate the first collectively as the MarginaleB^*^ and the 
latter as the SuperJicialesJ^ This may he recognized as a broad phyletic 
distinction, dividing the later Filicales into tv^o, for the most part easily 
distinguished sequences. But our working hypothesis will be that this 
distinction does not mark an absolute difference; it is only a difEerenoe 
of degree in respect of the time of the transition of the sorus from the 
margin to the suiface. But since the soral position is as a lule constant 
in the species or the individnal, the distinction is reliable as a basis for 
phyletic segregation. 

Each oE the two main phyla thus distinguished includes a number of 
subsidiary phyla. Of the ^per^ciales the Marattiacese probably ended 
blind, except ior their relation to the Cycadales. The Glleicheniaoese 
probably led on the one hand to the Oyatbeoid and Nephrodioid Ferns, 
and finally to their Polypodioid and Achrostichoid denvatives, such as 
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the Oak and Beech Ferns, or Polyhotrya osmundacea* A side branch 
from Matteuccia led to Blechnum^ with Scolopendrium and Asplenium as 
further derivatives : also to Acrostichoid types, such as Stenochlmna and 
Brainea, A second related sequence starting from Matonia^ led through 
Dipterid types to the Acrostichoid state of Cheiropleuria^ Gymnopteris^ 
and Platycerium, A third line is Indicated by Metaxya and Syngramme^ 
leading to the Acrostichoid genus ElapKoglosnum. 

On the other hand, from the Schizaeacese, which are the most important 
central stock of the living Marginales^ we may trace the Dicksonioid- 
Davallioid Series, culminating in Polypodioid forms, such as P. punctatum. 
A side branch indicated by Lindsaya^ PcBsia^ and Pterisy culminates in 
Acrosticlium aureum ; while a collateral line probably leads from Mohria 
and Cheilavthes to such types as Hemionitisy and to the fully Acrostichoid 
state of Tnsmena, 

From such seriations the fact of parallel development, or Homoplasyy 
as it has been well designated in one of the earliest papers of Lankester, 
emerges clearly. It is seen not in one case, nor yet in a single feature, 
but in many. A few examples may be quoted. The dendroid habit is 
characteristic of the Cyatheaceae and the Dicksoniese, two families w^hich 
were merged by earlier writers, chiefly on the ground of habit. Both have 
sprung from a creeping ancestry. But the Cyatheacese have superficial 
sori and chafFy scales; the Dicksonieae have marginal sori and dermal hairs. 
They represent distinct phyletic lines, the former being of Gleichenioid 
origin, the latter of Schizseoid descent. Yet they appear so similar in 
habit that detailed examination is necessary to distinguish them. They 
exemplify a parallel or homoplastic origin of tlie dendroid state. Again, 
dermal appendages illustrate in many distinct sequences the progression 
from sin)pie hairs which are primitive, to scales which are advanced. The 
anatomical progression from protosfcely, to solenostely and dictj'ostely, as 
also to polycycly, is illustrated in a plurality of lines phyletically distinct. 
Soral characters show parallel progressions in many ways. The origin of 
the gradate and mixed conditions of the sori : the progressive reduction 
of the spore-output: the swinging of the oblique annulus to the vertical 
position ; the change from median to lateral dehiscence; the protection 
of the sorus by those heterogeneous growths called indusia, of ^hich there 
are some half-dozen distinct types : the loss of such indusia, giving the 
“ Polypodioid state: the spread of the sori to give the “ Acrostichoid 
condition:—^tbese and many other progressive changes can be shown to 
have originated along a plurality of phyletic lines ; and they have resulted 
in some cases in so high a degree of similarity that the segregation of the 
forms showing them according to descent is difficult, however certain it may 
actually be. 

Thus the fact becomes clear as we proceed along the lines of phyletic 
progress demonstrated by the comparative study of the Filicales, that 
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pJieQomena. They may be traced in reapeci of almost all of the dHuraoterSn 
as having been carried out in sequences that must have been phyleticatty 
disimct. It is possible, and with some degree oi probability, to corrdate 
certain of these changes with tbe external ciroumstanoes* For instance, in 
the Palseozoic Period forest shade was either absent or imperfect. The 
robust constitution of the Eusporangiate Ferns suited such conditions well 
enough. The great outburst of the more delicate Leptosporangiate Ferns 
took place in the Mesozoic Period, and doubtless the advent then of broad- 
leaved trees, with their more effective shade, permitted plants like these, of 
less robust habit, to flourish. At the same time many of them, through their 
self-protection by dermal scales and indusial growths, had become more 
independent. A curious biological feature becomes, however^ evident in their 
further advance. For along many separate but parallel lines their indusial 
coverings have become aborted in the species of the present day, and the 
sori fully exposed again. It is as though the organisms had themselves 
become in some way more resistant to exposure. For such present-day plants 
often occupy exposed stations. This is the case in our own Polypodixim 
alpestre, properly called by Newman Psendathyrium ; also in the Oak Fern 
and Beech Fern. All of these may be found on hill stations, tliough they 
have exposed sori. This condition is due to the abortion of indusia, in the 
first case of the type of Athyrium^ iu the latter of Dryopteris. 

It is not only parallelism of development, however, but even convergence 
which is frequently seen. A good example is provided by the genera 
Cystoptens and AcrophoruSj which ha've been notoriously difficult to place. 
They are lanked sometimes with the Davallioid, sometimes with the 
Nephrodioid Ferns, two quite distinct phyla. Bo far as their venation 
or their sori go, they might belong to either. But their anatomy, and 
the presence of the characteristic chaffy scales, proves them to be of 
Nephrodioid aflSnity. Another case is that of Doryopteris^ long ranked 
with Pteris, with which its fusion-sorus is in close agreement. But it 
uas separated by Prantl on more general grounds, and ranked, probably 
correctly, with Pellcsa and the Oheilaiithinas, Other examples are the 
Davallioid genera NephroJepis and Oleandra^ which curiously mimic the 
Nephrodioid soi’us, though of quite a diflTerent origin from it. Thus con¬ 
vergence of characters is a recurrent feature in the Filicales. There is, 
indeed, no group of highly organized plants which shows more frequently, 
and indeed consistently, evidence of parallel or convergent progressions in 
distinct ph} h‘tic lines ; while the parallelisms and convergences involve 
a great variety of characters, both vegetative and propagative. I commend 
such facts to evolutionary theorists as a pressing problem for them. 

Tbe question will be, wbat causes have been at work to produce such 
results ? They are usually set down to the selection of favourable diver¬ 
gences from type out of inheritable variations, or mutations, produced 
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at fatidom* Bnfc the prevalence of parallel development and convergence 
snggests that they are not produced at random. Possibly such progressions 
may be directed by some internal or physiological necessity. They raiae» 
however, in my mind very forcibly the question whether or not these 
changes are promoted, or actually determined in their direction, or their 
number, or their quality, in some way by the external conditions. I am 
not aware of any facts which would raise this beyond the level of reasonable 
suggestion, or probability It is far from being proved; but it is equally far 
from being disproved. It is in fact an open question. Until the contrary 
is proved it would, in my opinion, be wiser to entertain as a working hypo¬ 
thesis some such view as that suggested than positively to deny it. The 
impress of external circumstance cannot properly be ruled out in the genesis 
of inheritable characters simply because up to the present time no definite 
case of inheritance of observable characters acquired in the individual life¬ 
time has been demonstrated. Already evidence is available from the side of 
Zoology which, though it may not yet amount to demonstration, makes the 
negation of inheritance of acquired characters perilous. A single positive 
observation may at a stroke upset the whole negative position. Moreover, 
the prevalence of parallel and convergent characters has made that position 
suspect to many of those who pursue Morphology, whether of the animal or 
of the vegetable kingdom. More especially I have found that this doubt is 
entertained by those who have lived in the atmosphere of experiment and 
observation found in large Botanic Gardens. 

Plants w^ould seem to be particularly favourable subjects for observation 
in testing this question. Tho early segregation of the germ-cells in the 
animal body was a fact which weighed greatly with Weisraann in his 
negation of the inheritance of acquired characters. But in Plants that 
early segregation does not take place. In them the tissues, undifferentiated 
as somatic and germ-cells, are for long exposed to the conditions under 
which vegetation is carried out, before the germ-cells are specialized. When 
this circumstance is given its full weight, such results of comparison as we 
have been discussing seem to me more intelligible if related causally in some 
way with the external conditions under which evolution proceeds, than if that 
be denied. 

There are various ways of approaching the problem, such as the com¬ 
parative, the experimental, and the line of Mendelian analysis. Those who 
approach the facts by the last should keep an observant eye also on the 
methods and the conclusions of those who use a different method of enquiry. 
More particularly they should watch with sympathetic interest those who 
pursue the morphological avenhe of approach to final truth : and especially 
when these observers are by pursuit of that avenue led to conclusions 
divergent from their own. Many Morphologists have found themselves* 
unable to accept that general application of the theory of inhibiting 
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" pot forward, as aoooanting for progrossiTO svojniioa* b;^ Bwtfssott 
10 liis Presidential address to the British Association in Anstralini To ncHit 
^e process of Mendelian Segregation appears to be nothing more ihaa 4 
distributing agency. It constructs nothing: nor does it originate new 
morphological characters. We have to look elsewhere than to Ifendelian 
Segregation for the origin of these structural innovations upon which 
progressive Evolution depends. The chief interest of Evolution lies in 
this initiation of new strnctural characters, rather than in the distribniing 
agency to which they are subject. The obvious relation of their oninnlaiiive 
result to the environment, which we recognize as adaptation, carries with it 
faomoplasy, or even convergent development in lines phyletically distinct. 
This is seen in high degree in the Filicales. It suggests, as the most 
probable interpretation of the facts, that some causal connection exists 
between the environment and those innovations which are the mark of 
structural progress. 

It has been impossible in this Lecture to do more than to give a slight 
sketch of the methods recently employed in elucidating the phylesis of the 
Filicales. Any more explicit statement of the results arrived at must be 
reserved for some other occasion. Meanwhile such results have been used 
as an illustration of the modern method of Natural Classification. I hope 
what has been said may snffioe to show that real progress is being made. 
Such measure of success in natural grouping as has been achieved among 
the Filicales may serve to stimulate like efforts dii ected to other groups of 
Plants. But it is useless to expect success to be as ready to hand in 
them as in the Filicales. These plants present an exceptionally favourable 
opportunity, owing to the nature of the evidence available. The Angio- 
sperms offer a still wider field; but it suffers from deficiencies of evidence, 
which have already been explained. Moreover, the variety and extent 
of their special adaptations complicate the problem, and often tend to 
disguise the natural affinities. Still, it is not a hopeless quest to do the 
same for them. But what is urgently needed for success amid the multi¬ 
plicity of their lines of progress is a widening of the bases of comparison. 
There must be a recognition of new criteria. A revision of the relative 
valnes of tiio old criteria will also be necessary. These innovations, together 
with the more free discovery of fossils with structure from the Mesozoic 
Bocks, would provide the lines along which opinion may be expected to 
develop. It is with tiiis hope that I have used the Filicales as an object- 
lesson in this Address. For the method which is being snooessfully applied 
to them may be confidently expected, sooner or later, to nnravel even the 
tangled skein of Angiospermie Descent. Eventually it may lead to some 
more satisfactory, and assured arrangement of them according to Descent 
than has yet been achieved. 



TWO CHiTlOAt PLAKTS THl? ORKBK BLORA. 


125 


Two Critical Plants of the Grreek Flora, 

By 0 . 0 . Laoaita, F.L.S. 

[Read 3rd May, 1917.] 

(1) Thtmus SlBTHOttPll, — lanceolatus, ^ Sm. non Desf. 

ssrT. heterotriolius, Griseb, 

The above synonymy was proposed by Celakovsky in 1882, but as neither 
he, nor any other author who quotes these names, except Bentham, ever 
saw the unique specimen in herb. Hibthorp at Oxford, which lies before me 
as I write, it may be useful to confirm Celakovsky\s opinion with the aid of 
that specimen, on which alone Benthain, Gen. & Sp. Lab. p. 345 (April 1834), 
based his Thymus Sihthorpii. 

There is nothing with the specimen to indicate where it was collected by 
Sibthorp. The ticket on the sheet only bears the words Thymus lauceolatus 
DesfonL Atlanta t. 128 in the handwriting of Smith, who in FI. Gr. Prodr. 
p. 419 (1806) merely (|Uotes 7\ Lauceolatus J)esf» In moniosis GrcpmeJ^ 
Benthain at first rightly distinguished this Thymus from 1\ lauceolatus^ Desf. 
of Algeria as being foliis ylabris, rIyuUs, nec ut in T, lanceolato molliter 
villosisJ^ Tiiore arc indeed stronger reasons for the separation, the chief of 
which I summarise as follows ;— T. Sibthorpii ditt’ert a T. lanceolato foliis 
floralibus non dilatatih, spicastro graciliori, minus coinpacto, culyce triple 
ininore, omiiino alienis, et corolla multo niinore. 

The Algerian specimens on which I rely for these distinctions are: 
(1) Jainin, PI. Alger. 1851, no. 201; (2) Bove, no. 254 ; (3) Munby from 
Sidi l^en Abbas, all of which can be seen in Herb. Kew. 

In 1844 Grisebach, Spic. Fi. Uuin. ii. p. 116, described very fully a plant 
from Mount Atlios to which he gave the name of I\ heterotnehus, attempting 
to distinguisli it from T. Sibthocpii only becau&e the latter has “ folia latiora 
glabra et corolhua vix calycem oxcedenteiii.’^ It is, nevertheless, undoubtedly 
identical witli T, Sibtlwrpii, Unfortunately, when l^entham returned to the 
thymes in DeUandolle^s ‘Prodromus/ he confused under the name of 
1\ lanceolatus^ Uesf. three totally distinct plants, viz. ; the true 7\ lanceo- 

V 

latvs of Algeria, a Persian species T, lanci/olins, Oelak., and his own 
r. Sibthorpiif but at the same time he separated 2\ heterotrichus, Griseb., 
although with the remark ‘‘An idem uc 7'. lanciU)lutus y ; see DC. Prodr. 
xii, pp, 199 and 203 (1848), It is to be remembered tliat Grisebach never 
saw Sibthorp’s specimen, nor had Bentham seen Grisebacli’s. 

Boissier, ‘ Flora Orientalis,’ iv. p. 555 (1879), wrongly identified both 
T, Sibthorpii and T, heterotrichus with T. tierpyllum var. Chaubardi {2\ Chau- 
bardi^ Hoiss. k Heldr. pi. exsicc. 1851, no. 269= T.glabratus^ Bory & Chaub. 
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niitiHoffmgi & Linkas T. dnpmtifi^Um v^n Chaubardi^ A 
Her* 2^ iv p* 6 (1859) ssIT. SeayyUum r&r^ C/muiardi^ JBoibs, Mu Ovu 
which i» the common represleniative cf the dam^edrj^s forme oi T* 
all over (Greece, and also occnrs in profusion in the Doountains of So^iJih^ 
Weetern Italy. But in a MS. note posthninotisly published in FL Or* SeppL 
p. 359 (1888) Boissier, in deference to Celakovsky a opinion, separate 
T. Ohaubardi, T. Chammdryi nimis affinis/^ from 31 h$im^nthi€^ Qrisefe., 
identified with 21 lameolatm^ Bm. and 21 SiHhcrpU^ Benth., which is ab 
omnibus 21 S^rpylli formis plane diversns.’^ For in the meanwhile 
Oelakovsky^ the most olear-*sighted observer in this genus and one not 
disposed to overrate lesser variations, bad put the matter right in Flora, xl. 
(1882) pp. 146 and 172, on the strength of specimens collected on Mount 
Athos by Janka and by Piohler, identifying 21 Jieterotriohus with T* Sibthorpii^ 
whilst clearly distinguishing T. ChauhardL He does not appear to have 
seen Grisebach’s typo, but the precise locality ensures Janka^s and Pichler^s 
specimens being identical with it. On the other hand, he had certainly not 
seen Sibthorp’s specimen for which no precise locality is assigned, but it is 
known that Sibthorp visited Mount Athos, His herbarium contains many 
plants from that mountain. I have compared his type with Pichler’s Athos 
plant, which I have examined in Herb. Kew and in an example generously 
lent for inspection by the conservator of Herb. Boissier, and feel quite 
certain of their identity. Pichler^s plant was collected in August 1873. 
The tickets of the two Kew examples read (a) ‘‘ Macedonia, in sylvis Montis 
Athos, Aug. 1873,^’ (5) Maoedonien, Auf Pergen {nc. Bergen) am M. Athos 
bei Charies. Aug. 1873/* and that of Herb. Boiss. “Th. Sibthor^iy no. 183, 
Auf dem nordliohem Abhange des Monte Santo/’ Janka’s specimens 1 have 
not seen, but there is a plant in Herb. Boiss. from Constantinople, leg. 
Ooumary, nnder the name of 'I\ montannsy Waldsf. & Kit., which is cer¬ 
tainly r. Sibthorpiif though the leaves are rather broader and more obtuse* 

Velenovsky, PI. Bulg. p. 469 (1891) and in his Nuohtrag of 1903, p. 15, 
describes T, heterotrichus^ Griseb. at some length, asserting that it is plenti¬ 
ful in Macedonia on the Konjovo Plunina and Osgovska Planina, at Krapec 
and above Kilo Selo ; ^^planta in M. Atho a cl. Janka lecta eadem est ao 
nostia/’ In the l^Iachtrag he su^s in Bulgaria valde freqnens ” and creates 
a subspecies etnerascens^ plants eximia sed transit in typum/’ for which he 
quotes five Bulgarian localities. But he does not allude to the identity with 
7\ Sibthorpii^ although his Flora was published nearly ten years after 
fielakovsky’s work. It is alsd surprising that Halicsy in his ‘ Conspectus 
Florae Grascae,’ ii. p. 563 (1902) should have repeated the erroneous 
identification of T. hhthorpU with 21 CImvhardi ; on p. 566 he alludes to 
T. heterotrichusy Griseb. as species ah autoribus varie interpreiatai mihi 
ignota.” 

I have not seen specimens of 2 • h^terotriehm from the habitats enumerated 
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by ValenovBky, or from the Greek localities cited by Formanek in Ver- 
handl. Br&nn, 1896, p. 67 and 1897, p. 50, but several plants collected by 
Baussknecht in Western Greece in 1885 (specimens in hb, Kew) and 
distributed as T, Sibthorpii var. grandifiorus and var. mbalpinus are certainly 
not forms of T. Sihfhorpii^ perhaps not even of T. ChaubardL All that 
concerns the present argument is the identity of the Athos plant on which 
Grisebach’s species rests with Sibthorp^s specimen. That identity being 
firmly established cannot be shaken by possibly incorrect determinations of 
plants from other regions. 

It only remains to consider possible objections to this identification on the 
ground of discrepancies in the descriptions or superficial differences in the 
specimens. I will deal v\ith those that occur to me. 

(1) Pichler's specimens were gathered in August and are m full bloom ; 
Sibthorp’s has almost ceased flowering. Consequently the lower leaves have 
fallen, only those of the upper part of the stem remaining, und the plant 
shows what Oelakovsky, before he knew Pichler’s specimens, described from 
Janka’s “gathered long after flowering with dried-up racemes and fallen 
bracts/’ viz., “ in the leaf axils ot the sterde stems as well as in the middle 
of the flowering oneai theie are formed characteristic short sterile branches 
with, at the end of the brunch, compact bundles of leaves that are hall as 
long as the supporting leaves but of the same shape.” In Pichlor’s specimens 
these are not yet developed. 

(2) Another consequence of late gathering is that the corollas appear 
even smaller than when gathered by Pichler in full bloom. Bentham says 
“corolla vix calycem excedens”—Grisebach, “corolla cahee sesquiloiigior 
(his m.iin reason for separating his species from Bentham’s), but Velenovsky» 
“ corolla vix exserta.” In fact calyx and corolla together are very small— 
half the size that those of 2\ Chauhardi usually attain. As far as I can 
measure on herbarium specimens the calyx, including teeth, is only 3-4 mm. 
long and the corolla, though clearly “ exserta,” is less than “ sesquilongior.’^ 

(3) The leaves both in Sibthorp’s and Pichler’s plants are flat, “ plana ” as 
described by Grisebach, not “inargine levoluto’' as stated by Velenovsky. 
Pichler’s measure 20 by 6 mm.; Sibthorp’s 15 by 5 mm. The middle and 
upper stem-leaves are narrowly elliptic*, i. f. tapering almost equally at 
both ends, but the lower leaves are obovate or obovato-spathulate. 
Grisebach calls them “ lineari-lanceolata versus basin attenuate”; Velenovsky 
says “ovato-oblongis, oblongisve et lineari-oblongis,” which will cover a 
multitude of sins, including those of Coumaiy’s specimen which are about 

^ This botauioal use of the word^ elliptic is of course mathematically incorrect. The 
figure bounded by two mteraecting menisci is not an ellipse. Bentham describes these 
leavbs as “oblongo-lanceolata’^ which is certainly incorrect. An oblong has not cuived 
sides and a lance is broader towards the base than towards the point. 
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IS by 7 mm. The only real dBsorepanoy is in the niargino revoktis ot 
VelenoTsky, and he was not describing Athos specimens. 

(4) Benfclmm says snffrntea sainipedalis/^ hat of the pieces on Sibthot|f^s 
sheet two measure Just 8 inches (20*5 cm.); Kcbler^s Oonmary^s plants 
10-22 inches without the base of the stem. Grisebaoh places 

among his “ fruticuli erecti vel ascendentes, rhisomate desOendente/* dis^ 
tinguished from ^‘suffrutioes, mmis primariis demum deeumbeniibuSy dori^ 
feris adsoendentibus,’’ Indeed, the whole plant is obviously a much laljei^ 
and more erect plant than jT. Chaubardi or any of our forms of 
{T, Chammdrys)* 

(5) The rather stiffly hairy calyx is set, aS in so many Mediterranean 
th\mes, v\ith beautiful ruby glands, some of which also stud the outside of 
the corolla. Hitherto no one seems to have noticed that a certain number 
of similar glands are found on the upper part of the stem itself. These are 
conspicuous in Pichler’s and Ooumary’s planis, but are very difficult to see 
on Sibtliorp’s. However, I have detected a few. 

The Thymus to which this species seems more nearly related by its 
remarkably small calyx and corolla is T. montanus, Waldst. & Kit., ns figured 
in PI. Uar. Hung. t. 71, and represented FI. Exsicc. Anstr. Hung. no. 2142 
and by the Slavonian specimens from Mt. Veliky Gradae, distiibuted by Dr. 
8. Kupcok. This, however, has the leaves of T, ovatus (=r. Chamiedrys), 
glabrous stems and calyces hardly, if at all, glandular. But it would 
require a complete study of the thymes of the Balkan peninsula to establish 
the precise affinities and the limits of distribution of Thymus Sibihotpiu 

(2; Ckepis HOTILAIJS, sp. nov., e Sect. Barkhamia. Radix vertitalis, nescio 
an biennis seu annua. Oaulis solitariu**, erectus, iiS-GS cm. altus, villis albis, 
mollibus, tenuibus et pilis robustioribus rubio-purpureis, basi dilatato in- 
sidentibus, prmditos. Folia pilosa, mollia, inferiora in exeinplari (A) 
simplicia, leviter repando-dentata, dentibus retiorsis, in (B) runcinuto- 
pinnatopartita seginento terminali maximo ; caulina media amplexicaulia, 
oblonga, superiora e basi sagittate lanceolata. Pedunculi etiam ante 
anthesin erecti, sub anthesi breves (1-2*5 cm.), in fructu elongati (1*5-3 cm.), 
pilis rubro-purpureis aliisque pallidis brevioribus, nonnullis glanduliferis, 
crebre vestiti. Oapitula mediocria, eis C. setosm soqualia, illis C. fceiidce 
diinidio minora. Involucri phylla externa subadpressa, pilis longis rubro- 
purpureis barbata, interiora sparse cuno-tomentosa, dorso etiam in fructu vix 
indurato. Achonia tenuia, omnia in rostrum tenuissimum, ipsis vix brevius, 
abeuntia, pappo niveo involucrum vix superante. 

Differt ab omnibus C. fmtidw varietatibus caule non a medio ramoso, 
panicula corymbosa, alabastris erectis, capiiulis minoribus, uciieniis cum 
pappo duplo brevioribus. 
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A Grepidi setoso, cui stractura affinior, indumento molli pilisque mbro- 
purpureis, 

Ceeteris Cr^pidilms in Grsooia aut Italia notis omnino absirailis, inBigni 
cbaractere, pilis rutili?, statim dignoscittir. 

The above account is based on the only two specimens of whose existence 
I am aware : (A) A plant in seed in John BalFs herbarium, now at Kew, 
left by him without any name but now bearing the words “ Crepis (Bark^ 
hausia) ’’ in the hand of Mr. J. G. Baker. Ball’s label reads ‘‘Iter orientale 
1877. Ex Insula Oorcyra in maritimis. Mense Junio. J. Ball.” (B) A 
plant, hardly yet in full bloom, in the herbarium of Mr. G. 0. Druce, 
collected by him at Monrepos, Corfu, in May 1914. 

It is with some hesitation that I have ventured to propose a new species 
based on only two specimens, but I am encouraged to do so in the hope that 
botanists who visit Corfu will look out for this remarkable plant and make 
plentiful gatherings of it. 

March IStli, 1017. 
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A Systematic Study of the North American Melantbacefo 
from the Genetic Standpoint. By R. Ruggi.ks Gates, Ph.D., F.L.S. 

(With Map (Plate 5) and 1 text-figure.) 

[Rend ir)th March, 1917.] 

Introduction. 

The purpose of the [u-esent paper is a little different from that of any 
previous publication, so far as the writer is aware. It aims to furnish the 
application to a particular group of plants of a definite point of view 
regarding the genesis of species. It may be said that every systematist has 
a point of view in his work^ and this is doubtless true, the point of view 
having been furnished largely by the general Darwinian baekground, which 
assumes the gradual and infinitesimal differentiation of s])ecies. 

The point of view of the present work is essentially different, in that if 
assumes the variations which differentiate species not to have been universally 
continuous and infinitesimal, but to have been definite and often disconiinuoii^. 
To the writer, one of the most important advances since Darwin has been in 
the discovery of the definiteness'^ of variation. This knowledge is based 
upon experimental results obtained largely through the work c>f De Vries, 
Bateson, Buur, Nilsson-Ehle, and many others during tlie last fifteen years. 
The writer has endeavoured to analyz(» this definiteness in the case of the 
OSnothera mutations, and has reached the conclusion f that many different 
though definite types of change are involved, each giving rise to a different 
and characteristic mutation. The essential coucei)tions of variation tlius 
developed tlirough long experience and experiment by the writer with tlio 
(Enotheras are here applied to the specific and generic differentiation of a 
group oT Liliales which has not been made the subject of ex])eriment. In 
short, the method is to apply the mutation conceptions to the systematic 
treatment of thi.s Lilia(;eous group in order to determine in bow far the 
method is valid and Uvseful. It cannot be expected that final conclusions will 
be reached in the absence of experimental analysis, an I yet I believe the 
method is suflSciontly illuminating to justify its adoption and application to 
other groups. On the other hand, it must obviously be used with caution, 
and in such a way that speculation does not too far outrun verification bv 
means of cytological studies and breeding experiments. If, however, the 

* By definiteness of variation I mean not necessarily orthogt'netic variation, but marked 
and clearly defined variations which may occur iu any direction or in many directions 
simultaneously. 

t * The Mutation Factor in Kvolution,’ p. 85,*1. Macmillans, London, 1015. 
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ooRoeptions of defimteneBs mi discontintiitj in variation are sonnd^ 
then the principles that arise from these conceptions should serve as a touch-* 
stone when applied to the study of the origin and relationships of living 
species* The present work is published as an example of what may be 
accomplished in this direction* It will doubtless be criticized from many 
points of view, bat it is hoped that as a first step it will not be entirely 
without justification. 

This work is the outcome of a study which began with several pairs of 
species*, taken at random as regards their distribution, difFerences, and 
probable manner of origin. The group Melanthacese was selected on account 
of its compactness and because it is far removed from the Onagracese. The 
conceptions here applied to these families will doubtless apply equally well 
to many others. That variations are often marked and definite, who will 
now deny ? It is with the hope of convincing systematic workers that these 
conceptions are not only useful but necessary, if we are to reach an under¬ 
standing of specific differences, that this publication is undertaken. The 
definite conceptions of germinal variation or mutation, which are founded 
on careful analytical, experimental, and cytological work, need to be incor¬ 
porated into the biological thinking of the time, and this can only bo done 
by applying the results of experiment to groups where experiment has not 
taken or cannot take place. 

On the other band, it soon becomes clear that, while many variations have 
been sharp and definite, this is by no means universally the case. The con¬ 
tinuous and indefinite variations which sometimes lead from species to species 
are the difficult ones to analyze. It may be admitted that their evolutionary 
significance is at present insufficiently analyzed and practically unknown, 
despite the current assumption that ‘‘fluctuations” are not inherited and are 
therefore not of evolutionary value. The present paper, while pointing out 
frequent cases of such “continuous variation,” is equally concerned with the 
cases of discontinuity. Many of the latter are obviously due to gaps caused 
by extinction, but many more are undoubtedly the result of discontinuous or 
definite variations. Is it, for instance, probable that a verticillate arrange¬ 
ment of the leaves, as in certain species of Polt/ffonahtm^in the related family 
Convallariacese, arose gradually from an arrangement opposite, in pairs? 
And, again, is it not more reasonable to assume that the “knee” in the 
peduncle of Streptopus arose as a definite and marked variation, than that it 
wag slowly and gradually evolved ? It appears that in many cases differences 
which are now used as generic characters originated by a marked and definite 
step. The argument that extinction accounts for their present distinctness is 
certainly often excluded. 

Moreover, the mere fact that related genera showing marked differences 
* On Pairs of Species,” Bot Oazette, Ixi. 1910, pp. 3 77**212, 12. 
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in structural characteristics often co-exist side by side * indicates that these 
differences were probably not of selective value, but they arose through what 
Darwin called “spontaneous variation/^ and have been perpetuated l>y 
heredity* It is thus believed that, while natural selection accounts for the 
gradual development of adaptations through the accumulation of larger or 
smaller variations, the mutation theory accounts for the origin of innumerable 
generic and specific differences which were never of selective value to their 
possessor. In the years when natural selection was the only accepted factor 
of evolution,it always requiredalarge measure of crediilit} to believe that every 
character of every organism had been at some time of piiiticular value to its 
possessor. The mutation theory renders unnecessary such an assumption, 
and thus relieves natural selection of the necessity of explaining too much. 

With these and similar conceptions in mind, the Nortli American Melan- 
thacea> have been studied systematically. The result is incomplete, because 
some of these genera are still insufficiently known, and I liave not had an 
unlimited time to devote to the subject. It is hoi)ed that the work will be>i 
most useful for its siiggostiveness. We know that many variations are 
marked steps, and that such variations are inherited, while we as yet know 
very little of the inheritance of continuous variations, and what is known is 
largely negative in character. If systematisls are to reflect the knowledge 
of their time in the construction of their species, then obviously they n(*e(I 
to pay at least as great attention to discontinuous as to continuous \ariability, 
our knowledge of the former being firmly based on experiment. 

The analyses of specific and generic differences attempted in this paper 
may appear speculative, but at least they are no more so ilmn they would 
be if they assumed variation to be continuous. They, moreover, have the 
definite advantage of being ba&ed on analogy—sometimes direct analog} — 
with known experimental results. It is hoped that the explanations hen' 
suggested of various specific and generic relationships wd 11 lead to the furtlier 
study of many of these species both cytologically and experimentally, for this 
is the only way in whicli the questions here propounded can be definitely 
solved. It w’ould be an attractive problem to make a comparative study of the 
chromosomes tliroughout the group, and it is hoped that botanists will a\ail 
themselves of this opportunity whenever they can obiainthe necessary materia]. 

In the systematic treatment of these grouj>s it has been necessary to 
describe several new^ species and varieties and to make several new^ com¬ 
binations, though an effort has been made to circumscribe their luunbcT. 
It is perhaps doubtful whether the segregation from Zigademis of tlie genera 
Toxicoscordimi, Anticlea^ and particularly Oceanorus should be recognized, 
though I have here given them the benefit of the doubt. It is easily 

* Cy, Oates, R. R., ^*The Mutation Theory and the species-concept,” in Amer. Nat., 
Oct. mr. 
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poosible to carry the procens of subdivision of existing genera too fiir, and 
by so doing to destroy the nsefolness of the genns and impair its definiteyms 
as well. It seems certain that no new genera shonld ever be introdnoed in 
the groups here under consideration. The indiscriminate creation of new 



generic names obscures relationships, and there is nothing to be said in its 
favour. 

In the citation of specimens in this paper it is to be assumed that all 
specimens are from the Herbarium of the Missouri Botanical Garden, unless 
otherwise ^pecified. I am greatly indebted to Dr. Geo. T. Moore, Director 
of the Missouri Botanical Garden, for placing the facilities of the institution 
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at my disposal, and to Dr. J. M. Greenman for frequent consultations in 
connection with the systematic work. Mr. C. H. Thompson has kindly 
taken a number of photographs. At the University of California, through 
the kindness of Dr. W. A. Setchell and Dr. H. M. Hall, I was able to 
study the large collections of Californian Liliacese, and I am also indebted 
to Dr. Setchell for a fine series of photographs of herbarium specimens. 

1. TOFIELDIA, Huds. 

1. Tofieldia palxjstris. Ends. FI. Augl. ed. 2, 157 (1778) ; Delar. in 

Redoute, Lil. v. t. 256 (1809)*'. 

Willd. in Mag. Gesells. Naturf. Fr. ii. (1808) 27. 
y. horealia, Wahlenb. FI. Lapp. (1812) 89. 

Nartheeium horealt^ Wahlenb. in Nov. Act. Holm. xxvi. (1803) 24. 
iV. alpinumf Michx. FI. Bor. Am. i. (1803) 209. 

N. pusilluinj Miclix. 1. c. 

AnthBricum calymlatam^ /kj, Linn. FI. Suec. ed. 2 (1753), 108. 

Greenland and Labrador to Alaska, south to Quebec, Lake Superior, and 
the Canadian Rockies. Also in Europe and Northern Asia. 

2 . Tofieldia calyoulata, Wahlenb. Yeg. Helv. (1813) 68. 

Anthericum talyeulatum, Linn. Sp. Pi. (1763) 311; FI. Dan. (17C()) t. 30 ; Linu. FI. 

Lapp. (1792) 106,1.10. f. 3; Smith, Engl. Bot. (1799) t. 630. 

Scheuchzeria Pseud-'AsphodeluB, Scop. FI Cam. i. (1772) 203. 

Nartheeium calyculatumj All. FI. Pedem. ii. (1785) 165 ; Lam. Flncyc. iv. (1823) t. 268. 
Helonias boreahsf Willd. Sp. PI. ii. (1799) 274. 

Hebelia allefmnicay C. 0, Gmel. FI. Bad. ii. (1806) 118,1.1. 

H, eollina, C. C. Gmel. I, c, 

Europe. 

3. Tofieldia stbnopbtala, Smith, in Trans. Linn. Soc. xii. (1817) 243, 

t.8.f. 1. ^ 

This species was founded on specimens collected by Kalm in North 
America, three of which are in the Liimean Herbarium. It has not been 
recorded since, but it seems probable that the species is distinct and that 
T. calyoulata is exclusively European. Smith also described T, alpina as a 
species of the mountains of southern Europe, which is distinguished from 
T, palustris by being much larger in all its parts. At the same time he 
united T. calyoulata with T, palustris. Ascherson and Graebner t, on the 
other hand, unite T. alpina^ Smith, with T. calyoulata (Linn.), Wahl., and 
recognize also J, palustris, Huds. The relationships of these four forms 
can only he determined by comparison of European and American sj)e- 
cimens. Sir James Smith states that T. stenopetala is nearest 7\ alpiim, from 

♦ This apparently represents 7’. alpina, Sm , which is larger than T palusfrts, lIuiK. 
t Mitteleur. FI. iii. (1905) 5. 
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which it differs in having an inflore^fcence which forms a dense obtuse 
cluster^ long; bracts lanceolate, often exceeding the pedicels; calyx 
very broad and shallow, usually S-cIeft, petals lanceolate and acute, anthers 
painted, ovary ovato-lanoeolate, styles twice as long as in T, ulpina. It 
seems probable that further study will demonstrate the distinctness of this 
North American species, and perhaps also of the European T. alpina. 

4. Tofikldia oocGiKRA, Richardson, in Frankl. 1st Journ. (1823) 736 ; 

Hook & Arn. Bot. Beeohey’s Voy. (1841) 130, t. 29 hint, 

T, dorealu, Cham, in Linnaia, vL (1881) 584. 

Arctic America. 

4 a Tofibldia coocinea, var. major, Hook., FI, Bor. Am. ii. (1840) 179. 
Mackea/io River (Rirhardton), 

According to Hooker, this is easily distinguished (1) by its more flaccid 
leaves and leafy scape, (2) by its se&sile flowers deeply tinged with red, 

(3) by its large bracts which form a deep involucre beneath the flower, 

(4) by the singularly deflexed dark purple fruit. It appears quite worthy 
of specific rank. The same form is recorded by Hooker from Siberia in 
Herb. Pallas, 

Another variety, represented by two specimens collected by Richardson 
on the Mackenzie River, is mentioned by Hooker as having longer podicels 
than the type of T, coednea- 

5. Tofjeldia glabra, Nutt. Gen. Amer. i. (1818) 23.5 ; A. Gray, in Ann, 

Lyc. N.Y. iv. (1837) 136. 

T, ylabenima^ MacBride, in Ell. Sketch, i. (1821) 424. 

North Carolina and South Carolina. 

* The total number of described species is about 32, over half of which are 
contined to Asia. The genus bears many resemblances to Junens^ and it 
may be supposed that the ancestors of Tofieldia gave rise to the Juncacees. 
This seems to the writer to be more probable than to read the series in the 
opposite direction. The genus TofiMia contains more than 15 species in 
tlie north temperate zone and 3 species [1\ falmta^ Pers., T. Moritziana^ 
H. ScliuUze, and T, Schomburgkiana^ Oliver) in tlie Andos of South 
America. A number of species have been described from China and Japan 
in recent years. 

7\ horealih, Wahbmb., of Lapland, Tyrol, Labrador, etc., is apparently 
iiiscf)arable Iroin T, palustris^ Hud«., unloss it be in the presence or absence 
of pedicels to the flowers. T, coednea differs from T, borealis in having 
more flaccid leases of a duller colour and flowers sessile. 7\ glahra differs 
markedly from the other, more boreal, species of Tojieldia in America. It 
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occurs in North and South Carolina, and is tall rather than dwarfed, forinin<j: 
in this respect a transition to the genus Triaidha, But it has neither the 
arrangement of the flowers in threes nor the scabrous i)ubescenco on 
the stem characteristic of Triantha, 

2. TEIANTHA (Nutt.), Baker. 

1. Triantha raoemosa (Walt.\ Small, FI. S.E. U.8. (1903) 249. 

Melanthium racernosum^ Walt. FI. Oar. (1788) 126. 

Narthecium pubtiUy Michx. FI. Bor. Am. i. (1806) 209. 

N, scabrum, Kafin, in Desv. Journ. de Bot. iv. (1814) 276. 

Tojieldia puhescma^ Delar. in Redoutd, Lil. vi. (1812) t. 324. 

T. pubem^ Hook, in Bot. Mag. (1841) t, 8859. 

T, racemosay Britton, Stems, & Pogg, Prelim. Oat. N.Y. Plants (1888) 56; Ann. liep. 
N.J. State Mus. 1910 (1911) p. 337, pL 33. f. 1. 

In swamps, southern New Jersey to Florida and Louisiana. 

2. Triantha (jlutinosa (Michx.), Baker, in Journ. Linn. Soc., Bot* xvii. 

(1879) 490. 

Narthecium glutinoaum^ Michx. FI. Bor. Am. i. (1803) 210. 

Tojkldta (jlutinosa^ Pers. Sjm. i. (1805) 399; Smith, in Trans. Linn. Soc. xii. (1818) 24(», 
t. 8. f. 2; Hook. FI. Bor. Am. ii. (1840) 179, t. 191. 

Ill bogs, Newfoundland to Alaska, Minnesota, Maine, in the southern 
Alleghanies to N. Carolina and west to Ohio, Wyoming, and Oregon. 

3. Triantha intermedia (Rydb.), comb. nov. 

Toficldia ylatinom^ Hook. FI. Bor, Am. ii. (1838) 179, partim; S. WaK Bot. Calif, ii. 
(1880) 184. 

T, internu^dia^ Rydb. in Bull. Torr. Bot. Club, xxvii. (1900) 628. 

In bogs, Ahibka to Saskatchewan, Montana, Wyoming, and Tulare (V., 
California. 

4. Triantha ocoidentalis (S. Wats.), comb. nov. 

Tqfieldia occidentahs, S. Wats, in Proc. Am. Acad. xiv. (1879) 283. 

N. California (Mendocino Co.) to Washington and British Columbia, in 
mountains. 

5. Triantha japonica (Miquel), Baker, in Journ. Linn. Soc., Bot. xvii. 

(1879) 490. 

Tojieldiajaponica, Miquel, Ann. Mus. Lugd.-Bat. iii. (1867) 201. 

Japan, in swamps. 

The genus Triantha^ which contains the above five species, is properly 
separated from Tofieldia on»account of (1) the scabrous pubescence, (2) the 
flowers in threes, and (3) the caudate seeds. The two western species, 
T, ocoidentalis and T. intermedia^ should be included in this genus, since 
they have these three characters. 

In this connection the case of ToAeldia glabra is of very much interest. 
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As already reumrked, it agrees in babit with the species o£ 
particularly T. racemosa^ but differs sharply in two characters: (1) the 
absence of pubescence from the stem, (2) the flowers not arranged in threes. 
Its distribution is restricted, and it seems reasonable to conjecture that it 
may have originated from T. racemffsa by two mutationa, At any rate, 
it appears to differ from that species by what may very well be two unit 
characters, one of them a “ loss ” character. Certain gpeoimens of T. rocs- 
mosa from Carolina depart from the type in having the flowers for the most 
part not in threes but arranged as in T. glahra. Some of these may perhaps 
be hybrids between Tojieldia glahra and Tnantha race7nosa, or possibly 
mutations from the latter. Breeding experiments with those two forms 
could be profitably inaugurated, and a study of the forms occurring in North 
and South Carolina should also be made. 

Triantha racemosa^ which is more southern and much less widespread 
than T» ghitimsa^ differs from the latter mainly in (1) pubescence more 
scabrous, (2) perianth becoming rigid, (3) capsule firm, daik-coloured, long- 
beakel. Of the two western species, T. intermedia is not very sharply 
marked. It is distinguished from IT. glutinom by (1) having a short, more 
or less globose laceme, not elongated as in the eahfein species ; (2) having 
longer pedicels and oblong subequal perianth-segments (4 mm. long). 
T, oecidentalis is somewhat more restricted in lange than T. intermedia, from 
which it is distinguished by its nanower, less connate bractlets, longer 
pedicels, narrower sepals, larger capsules (3 mm. long), and longer ascending 
beaks. These are all quantitative differences, not sharply marked. 

The third known species of Triantlia^ T, japonica^ Baker, I have not seen. 
It is perhaps related to T, intermedia. 

The three main differences between the closely related Tojieldia and 
Triantha —nainclj, (1) the arrangement of the flouers in clusterb of three 
instead of singly on the stem, (2) the appearance of a characteristic rough 
pubescence, (3) the caudate seeds—are such as might have resulted from 
three mutations. But, if so, where aie the forms exhibiting only a single one 
of these changes, and why have only the forms containing all three been 
preserved ? There is perhaps no utility in any of these characters, but it 
would appear that only forms having all three of these features, or lacking 
tliem all, have survived. Yet to suppose the passage from Tojieldia to 
Triantha in a single step requires a much larger change than we know from 
(*\peuehce. These are but a few of the que'Jtions raised by a consideration 
of the two genera. 

8. PLEEA, Miebaux. 

Pr^EEA TKNUTFOLiA, Miclix. FI. Bot. Am. i. (1803) 248, t. 25 ; Delar. in 
Redontc, Lil. \. (1809) t. 248; Sims, in Bot. Mag. (1818) 1.1956. 

In pine-land swumps, 8. Carolina to Florida. 
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This very interesting monotypic genus differs from Triantha and Tojieldia 
chiefly in the following points:— 


Triantha (Nutt.), Baker. 

Bracts short. 

Flowers subtended by 3 connate 
bractlets. 

Stamens 6. 

Anthers rounded, erect. 


HeeUf Michx. 
Bracts spathe-like. 

Bractlets wanting. 

Stamens 9-12. 

Anthers elongated, versatile. 


Pleea is evidently isolated, aud a considerable amount of extinction must 
have occurred between it and its nearest relatives, Tofieldia^ Triantha^ and 
Narthecium. Regarding the comparison with Triantha^ it is more likely 
that the hiactlet^ subtending the flowers were suddenly lost by a negative 
mutation than that they were gradually reduced until they finally dis¬ 
appeared. The increase in size and change in shape of the bracts may 
have occurred independently, as also the addition of one or two whorls of 
stamens. The change from the short, subglobose, erect, terminal anthers of 
'lojieldia to the long, narrow, versatile anthers of Pleea probably involved 
several different germinal changes. Some species of Luzvla have elongated 
erect anthers, so the versatile character probably appeared through an 
independent change in a related ancestral line. 


4. NAETHECIUM, Moehring. 

1. Narthbcium OSSJFBAGU 31 , Huds. FI. Aiigl. 145 ; Sm. in Engl. Bot. viii. 

(1799) t. 535. 

N, anthericoides^ Hoppe, in Mert. A: Koch, Deutschl. FI. ii. (Ib2G), 669. 

N, palaatre, Hub. FI. Pyren. iv. (1901) 109*. 

Anthericam omfragum^ Linn, Sp. PL (1763) 440; FI. Ban, (1761) t. 42. 

Abama oisifraguj DO. in Lam. FI, Fr. ed. 2, iii. 171; DC. in liedoutd, Lil. iv. (1808) 
t. 218. 

Europe. 

2. Nabthecium AMBRiCANUM, Kor, iu Bot. Mag. (1812) t. 1505. 

N, ossifragumf var. americanunif A, Gray, Man. ed. 6 (1867) 536. 

Abafim americana,'blorongy m Mem. Torr. Bot Club, v. (1894) 109; Ann. Rep. N.J. 
State Mus. 1910 (1911) 338, pi. 33. ft. 2-8, Bartonia, iv. (1911) 1,1.1. 

Pine barren swamps, southern New Jersey, and Delaware. 

This epecies is extrenudy local in its distribution. It was discovered by 
Pursh at Quaker Bridge, New Jersey, about 1805. He sent plants to Kew, 
from which the figure was njade for the ‘Botanical Magazine.’ Witmer 
Stone t gives an account of its present distribution. After the lapse of a 

e A full list of tiguros is given here. 

t Abama americana (Ker), Moroog, in ‘Bartonia,^ iv. (1911) 1-6. 
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century since its original discovery, iV# americamm is now (with one 
exception) knoun only from fifteen Iocaliti|s, included in ati urea about 
20 by 30 miles. It was always supposed to be restricted to the heart of the 
New Jersey Pina Barrens, but <ipeciniens in Herb, Fhila, Acad. Sci. were 
collected by Mr. A. Ooinmon near Lewes, Deilaware, on Aug. 1, 1896. 
The plant is more restricted now than formerly, because it is killed by 
cranbony culture. 

3. Nabthecium CAiiiroRNicuM, Baker, in Jouin. Linn. Soc., Bot. xv. (1876) 

351. 

N. msi/ragumf var. qcotdmtaley A. Gray, in Boland. PI Calif. (1870) 81. 

Abama cahfomieay Heller, Cat. N. Amer. PI. (1898), 

A. oectdmtakn, Heller, in Mublenbergia, i (1904) 47. 

California, Mendocino Co., and northwards into Oregon, and in the 
Sieiras to the Yosemite National Park. The type came from Del Norte Co., 
California. 

4. Narthboium asiatioum, Maxim, in Bull. Acad. Petorsb. xi. (1867) 438. 

Japan. 

This genus is particularly interesting on account of its discontinuous 
distribution, no one ot the four species coming in contact with any of the 
others. And yet, though widely separated geographically, the species aie 
closely similar. N, asiaticum appears to lepresont the oldest species, and is 
found in Japan. -Y. ossifragum occurs tlirougliout Europe and in Asia 
Minor. N. americanutn is confined to a narrow area about New Jersey, 
where it is rare; and B,califomicum appeals chiefly in Northern California. 
These two species are both fairly close to iV. ossifragumy of which they 
have been regarded as varieties, but they appear to be worthy of specific 
recognition. 

The differences between the species are as follows;—In N, ossifragum 
the leaves are about 7*5-15 cm. long and 3-6 mm. wide, 4-6-nerved; the 
stamens one-third shorter than the perianth-segments, which are narrowly 
linear, 6-7 mm. long, considerably exceeding the stamens; capsule 10 mm. 
long, and persistent style one-half longer than the perianth ; raceme of few 
flowers, 2*2-5 cm. long ; plant usually 15-25 cm. high. In N. americanum 
the leaves are narrower (2-3 mm. wide), the stamens scarcely shorter 
than the perianth, the capsule and style twice as long as the perianth. 

A sheet of ossifragum in Herb. Univ. Calif, contains four specimens 
from Alingstls, Sweden ,L. Linguist^ July 1878, all of which are larger 
and stouter. The leaves arc 4-30 mm. wide, 5-7-nerved, plants 25-30 cm* 
high, perianth-segments 6-8 mm. long. 

The following differences are pointed out in the ‘Botanical Magazine’ 
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N* americamim differs from N, ossifragnm in (1) much shorter pubescence, 
(2) whole plant smaller, (3) leaf and stem somewhat yellower, (4) one of 
the bracts not above the middle of the pedicel but near its base, (5) corolla 
much paler yellow, (C) authors yellow instead of vermilion. According to 
Pursli they differ only in (4) the position of the bracts. (Comparison of 
herbarium specimens confirms all the above difterences except (1) and (6). 
If* amencanum is decidedly less stout and more yellowish, while the 
perianth is paler yellow. The difference in the position of the bracts is 
apparently a constant feature, but there appears to be no difference in 
pubescence or in the colour of the anthers 

If* californicum is intermediate between JV. americaymm and If. ossifragum 
in width of leaves, its raceme is rather lax below, and the stamens about 
half the length ot the perianth. The filaments are also white-woolly to the 
to[>, unlike the other three species, in which the summit of the filaments is 
nake<l. In H. califovnicttm the base of the filaments is fre(juently naked. 
N. asiaiictmi J have not s(hhi, but it apparently difters from N* ossifragutn in 
having wider leaves (2-3 lines) with coiispicnous veins and a longer raceme. 

Examination of a number of spocimens shows the following differences 
between If. americanum and N. califormcum 


N. americanum 

Leaves usually about mm. wide, 7-U- 
iierved. 

liaceme dense, 2*5-8 cm. long. 
Perianth-segments naiTowly linear, 5-6 mm. 
long, slightly exceeding the stamens. 

Capsules 10-11 mm. long. 

Plant 30-40 cm. high. 


N. californu urn. 

i.eaves about 3-4 luiu. wide, 5-7- or 8- 
nerved. 

liaceme lax, 7-12 cm. long. 

Perianth-segments obloiig-liuear, 8-10 mm. 
long, considerably exceeding the stamens. 
Plants from the type-locality have orange- 
coloured perianth-segments in fruit. 
Capsules 13 15 mm. long. 

Plant 33 60 cm. high. 


Honcc N. californivum is somewhat larger, though not markedly so, in all 
its parts. The number of leaves in the iierv(‘s is often the same, but they 
are farther apart in If, californicum. 

The following specimen in the Jlerbarium oF ihc (California Academy of 
Science is much reduced, and is apparently like the eastern species:— 
Desolation Valley, Lake Tahoe Region, Cal., Louise JIutrhinson., 1^09. 
The plant is 2 dm. high, the leaves about 1 mm. wide, 3-4-nerved, 4-5 cm, 
long, the raceme 4*5 cm. long, perianth-segments 5-6 ram. long, about 
1 mm. wide. This raises the question as to wludher the differences between 
If. americanum and N. califormcum may not he environmentally induced. 

* It is possible, however, that in N. ossifragum tbero may be a dimorphism in the colour 
of the anthers similar to the condition found by C. II. Danfortli in Tiarella cordifolia 
llhodora,’ xiii. (1911) 192-8). 
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li would be very instructive to transplant americanum to California and 
vice versd, and observe the results in successive j^^enerations. 

k segregate from JSf. osmfraguin has been described by Oelakovsky * from 
Corsica as N. Reverchonu It diflEers chiefly in having squamous bracts at 
the base of the stem, larger flowers and longer erect pedicels, and in the 
hairs of the filaments, which increase in length from below upwards. 

A remarkable peculiarity of the genus JSfarthedum is the dense pile of 
white woolly hairs on the filaments. This is probably a feature which is of 
no service to the plant, but which persists throughout the genus because 
of inheritance, and it very likely originated through a mutation ; which may 
have been one of several mutations which gave rise to the generic characters 
of Narthecium. The specific differences as above outlined are chiefly of a 
quantitative nature, although the species are so widely separated in space. 
The variations which gave rise to the%e species have evidently been small, 
and many of them might very well be considered of quantitative nature. 
It; appears that these are exactly the type of variations which Darwin con- 
tomjilated in his theory of natural selection. Whether these small differences 
are actually of survival value may perhaps ho doubted. The question could 
be settled without difficulty in this case by transplanting each species into 
the range of the others and determining whetlier it succeeds or fails in com¬ 
petition with another species in its native habitat. While these morphological 
differences are small, it may well be that they are correlated with invisible 
physiological changes which are important in the econoni} of the species. 

The genus Jfarthecium was formerly placed in the family Juncaceso. The 
differences between it and its nearest relatives. Triantha and Xertyphyllum^ 
are, unlike the specific differences within the genus, sharp and distinctive, 
though Tofieldia and Narthecium are remarkably alike in habit. The latter 
is compared with Triantha in the following table:— 


Triamtha (Nutt), Baker. 

No rootstock. 

Flowers mostly in threes iu a centriiugal 
panicle, white or greenish. 
Perianth-seginents for the most pail nut 
nerved. 

Filaments slender. 

Anthers louuded, erect, 


Narthedumy Juss. 

A creeping rootstock. 

Flowers in a terminal raceme, greenish 
yellow. 

Penanth-segments obscurely 8-6-nervod. 

Filaments subulate, woolly. 

Anthers linear-oblong, erect, introrse. 


* Oest. Bot. Zeitschr, xxxvu. (1887) 154. 

t LopMola aurea, Ker, representinii another monotypic Noith-American genus, is found 
in pine barrens from New Jersey to Florida. It is usually placed in the Hmmodoracete, 
and is rather remote from Nari^ecium iu many features, hut suggests a resemblance in 
having tufts of wool at the base of the perianth-segTiients on which the stamena are 
inserted. The inflorescence and upper part of the stem are, however, also clothed with 
soft matted wool, as in Laohnatdhei tindoHap Ell. 
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The two inonotypic genera, Nietneria and Pefrosavia, are placed by 
Engler* next to Narthfcium^ though the affinih'os of the latter are doubtful 
and the former has been placed in the Ila'inodoraceje. JVietNeria cortjmhosa^ 
Klotzcli & Schomb., occurs in the mountains of British Guiana. Petrosavia 
stellarisy Beccari, is a root-jiarusite without leaves, found in Borneo. They 
are only remotely related to the present group of genera. 

The genus Metarxirthevium of Maximowicz, containing two species in 
Japan, also resemldes Narthecium in certain respects. 

5. XEROPliyLLUM,Michaux. 

1. Xerophyllvm asphodeloides, Nutt. 

X asphofhloidffi, Nutt. tleu. i. (1818)235. 

X, Betifolium^ Michx. Fl. Hor. Aiu. i. (1803) 211 ; Ann. Rep. N.J. State Mus. 1910, 
p.340, pi. 35 (1911). 

llelonias aspJiodeloides, Liim. Sp. PL ed. 2 (1702) 185; Curt. Bot. Mag. (1804) t. 748; 
Lodd. Bot. Cab. iv. (1819) t. 394. 

Dry pine barrens, southern New Jer-^ey to eastern Tennessee and Florida. 

2. Xerophyllum tenax, Nutt. 

X tenax, Nutt. Gen. i. (1818) 235 

X. Betifolium, Lindl. Bot. IJeg. (1833) t. 1013, not Miclix. 

Helonias tenax^ Pursh, Fl. Am. Sept, i. (1814) 243, t. 9. 

On high lands near the Rocky Mountains, British Ooliiinbia to Montana, and 
(klifornia (Monterey tk.). Abundant, covering hundreds of acres in some 
localities. 

3. Xerophyllum Douglasii, S. Wats, in Proc. Am. Acad. xiv. (1879) 284. 

? X. Betifolium, var., A. Gray, in Proc. Amer. Acad. (1872) 405. 

Oregon, Columbia Hi\er (i/a//), Montana, Idaho, 

The genus Xerophyllum is remarkably distinct from its nearest relative^, 
Narthecium on the one hand and Jlelonias on the other. The three species 
are closely in agreement with each other, the difference.s })eing entirely 
quantitative, Lik<3 so many Pacific coast species, X, tenax is much larger 
than its eastern congener, X. asphodeloides, Lindley, who studied plants 
grown from seed collected by Douglas in the north-west, was “unable to 
detect the slightest mark by which they may be separated,'^ though liis 
figure shows a wider-leaved plant than X. asphodeloideB. X. tenax is generally 
much larger and stouter, with bioader lea\es (4-6 mm.), the leaves of 
A. asphodeloides being very narrow (1-2 nun.). The flowers of X, tenax are 
also somewhat larger, and the stamens exceed the ])eriantl]-segmenls. The 
seeds also are said to differ slightly in shape. It is possible that X'. tenax 
is a tetruploid species, though this seems improbable. 

* Nat. Pflansjenfaui. T. ii. Abt. v., Lilincefo, p. 20(1887). 
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According to Jepson ^5 X. tenm at Mt. Tamalpais, Oalif*, appear® to Wootn 
only once in beven years; and at Howell Mountain, Napa Oo., it is said to 
fruit only once in five years* Plants in Sonotna Oo. show '‘an irregular 
periantli ,* the (apparently) upper perianth-segment is keeled, the two 
adjoining ones auricled or strongly oblique on the upper side at base; 
leaves somewhat revolute-concave as if channelled.^’ 

The following specimens of X. terns have naiTOw leaves (2 mm* or more) 
ns in X, ahphodeloides^ but flowers somewhat larger (G -8 mm. long) as in the 
true X. tenas :— 

S. Folk Mountain, Humboldt Co., Cal., Chesnut and Drew^ July 21, 1888, 
TTniv. Cal, Herh, 13722 On plains near Mendocino City, Cal., 4784, 
//. N. Bolander^ May 8 , 1866^ U. C. Herb. 4083 and 4084 Mt. Tamalpais, 
Marin Co., C^al., Alice Easitmod^ June IG, 1901, D. C. Herb. 167934. Mt. 
Eddy, Siskiyou Co., 3872, lh\ E. B. Copeland^ Sept. 6 , 1903, tJ. C. 
Herb 142151. Mt. Tamalpais, (W., uUice Eastwood^ May 1 , 1898, U. C. 
Herb. 142057. 

It appears that narrow-leaved forms are most frequent in some localities, 
and ihen* are plants with leaves of intermediate width as well, as in specimens 
from yamhill Oo., Oregon. 

X. Douglasii is an obscure and little-known species. It may be questioned 
whether it is distinguishable from ihe eahtorn species, with which it evidently 
agree* in most particulars. It is said to have shorter pedicels than X. fenar 
(12-30 mm,, instead of 3-5 cm ), smaller flowers, very short styles (P', instead 
of 2 " long), a cordate-ovate, G-val\ed capsule, and <‘horier and broader seeds. 
None of the western specimens I ha^e seen coi responds with all these require¬ 
ments. Intermediates between A. Donglasii and A, fenax probably occur. 
The latter species i» exceedingly abundant in Idaho, wliere it often covers 
hundreds of acres t- 

8 . Watson } speaks of A^ Douglasii as follows : —‘'Found in the mountains 
from the Columbia to Montana, is a simllai species [to A", tenax"] with a 
luirrow^er nu'cine of smaller flowers; stamens included ; styles a line long ; 
capsule cordate-o> ate, 2 lines long, the very abruptly acute cells usually 
separating and then dehiscing loculicidally; seeds shorter and broader.’’ 

The distiibution of tho genus is interesting, the single species of the south¬ 
eastern United States being widely sundered from A. tenax of the Kooky 
Mountain region. It is perhaps worth pointing out that the main difference 
between X. asphodeloides and X. tenax i^ similar to that between Stenanthium 
graminevm and S. rohudum^ namely in general size and leaf-width. In the 
latter case, however, both species occupy much the same area, though 

♦ JepsoD, W L , FI W. Mid. Calif p. 124 (1901). 

t According to Pipei, FI Rtate Washington, Contnb U.S. Nat Herb, xi, (1900) 197, 

t Bot. Oalif. ii. (1880) 186 
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S, robustum is somewliat more nortliern and more restri(jtecL Hence if it 
originated from S, gramtneum tlirough a nintation, its origin most have been 
relatively recent; while the origin of XerophtjUmn if it was derived 

from X asphodeloides^ is more likely to have occurred before their present 
wide separation in space. It is not necessary to assume that intermediates 
occurred and have since become extinct in the intervening region. Indeed, 
I know of no facts whicli would justify this assumption. 

The main differences between Xeropfii/lhtm and XaHhecium may be set 
forth as follows :— 


Narthechim> 

Leaves linear, those of tlie stoiij siiort and 
distant. 

Flowers small, greenish-yellow. 

Pedicels with a short bract at base, and 
usually bearing a small braotJet. 
Periantli-segmentH obscurely 8-r>-nerved. 
Filaments woolly, anthers introiNe. 

Style very short or none, stipma slightly 
3-lobed. 

Capsule oblong. 

Seeds many, linear, tailed at each end. 


Xeraphyllmn, 

Leaves narrowlv lirieai*, rough-margined, 
the upper ones shorter than the lower, 
plants larger. 

Flowers very numerous, medium-size, 
wdiite. 

i’edicels with a long bract at base, but 
without a bract!ot. 

Pprianth-se; 4 menN ufinally 5 7-nerve<l. 

h^ilaments glabrcui^^, antlier> exlrorsely 
delii'icent. 

Styles 3. iiliforni, retlc'xod or recurved. 

CVipsule ovoid, 3-groc)ved. 

Seeds 5, oblong, not a])pendaged or only 
minutelv m). 


Though Narfheciion and Xerojdtfflltnn resembh^ cacli other in foliage and 
habit, yet the differences in inflorescence and flower-structure are numerous 
and necessitate the assumption of a con^iiderable amount of (‘xtinclion between 
these forms. It is useless to hazard a guess as to the iiinnl)(*r of mutations 
involved in the passage from one genus to the other, tliough there must liave 
been several. Of coiii>c, oue genus did not give rise to tlie other, but 
Xerophyllum probably came through a series of deliriit(‘ variations from an 
ancestor of Nartliecium in which tlie variation producing woollv filaments 
had not yet occurred. 


0. IIELONIAS, Linii. 

Helonias jutllata, Linn. 

llelonw huHatitj Linn. 8p. 1*1. (1753) 342. and Amaui. Acad. iii. (1750) 12, t. l.f 1 
Mill. Ic, (1758) 181, t. 272; Bot. Mag. (1804) t. 717; Lam. lllnslr. (1823) f. 208; 
Lodd. Bot. Cab. (1824) t. 901 ; DO. in Uedoute, Lil. i. (1805) t. 13; Aim. Bop. N J. 
State Mas. (1910), p. 340, pi. 3C (1911); Bartonia, iii. 1 (1910) t. L 
Helonias latifoUa^ Michx. FI. Bor. A^m. i. (1803) 212. 

Veraimm americanunif Mill Gard. Diet. ed. 8 (1708) n. 4. 

In bogs, southern New York and northern New Jersey to Virginia, and in 
the mountains of North Carolina, Rare and local. In New York it is known 
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frd^ only one locality, near Boseville, S^ten Island Its nortWn limit is 
probably Morris Go., N.and it is most abnndant in sontbern Hew Jersey* 
The plant was originally discovered by Kalm near Philadelphia, probably on 
April 26, 1749, at Pennsneck, H.J. Tt was formerly supposed to have 
occurred in eastern Pennsylvania, bnt this record was probably a mistake. 
The range of the species was only recently extended to North Carolina t* 
where it was found to be common in sphagnum swamps of the Pink Bed 
Valley, Transylvania Co., in thickets of Kalmia^ Alms^ and Viburnum. 
It was found in full bloom April 29, 1909, and was distributed as No. 4117. 

Miller speaks of the plant as follows: Veratrum racemo simplidmnto^ 
corollis patentibus^ staminibus longiofihus. *‘This is titled by Mr. John 
Bartram, who discovered the plant growing naturally in North America, 
Veratrum sempermrens** Miller received the plant from Peter Collin<K)n, 
later a specimen and drawing from Mr. John Bartram, Jr,, and he afterwards 
obtained more plants from Dr. Bensel, of German Town, in Philadelphia, 
who found it growing plentifully in shady moist places.” 


This raonotypic genus of eastern North America is evidently disappearing, 
and on account of its isolation must be regarded as the sole survivor of a 
group of forms. Its nearest relative is the Asiatic genus Heloniopm^ 
A. Gray, containing three species in Japan and one in Formosa. This 
is another instance of the remarkable rimilarity between the floras of 
eastern North America and Japan. According to Gray, HeloniopsU panciflora 
combines the extrorse anthers of Colchicacese with the locuHcidal capsule, 
entire style, and capitate stigma of the Liliacese, and a mass of little seeds 
tailed at one or both ends as in Juncvs and Nartliecivm, in addition to 
its resemblances to IJelonias. It is like a Jlelonias with a single slender 
style, few flowers, depressed-capitate stigma, and seed appendaged only 
at the hiluin. 

The genera Xerophyllum and Jlelonias may be compared as follows :— 


Xerophyllum. 

Leaves narrowly linear, rough-margined. 

Flowers very numerous, medium size, 
white, m a large, dense, terminal racemo. 

Perianth-segments oblong or ovate, 6-7- 
neived. 

Stamens shorter than the perianth-segments. 

Filaments subulate, anthers oblong. 

Capsule ovoid, 3-grooved. 

Seeds 5, not appendaged or only minutely 
so. 


Jlelonias, 

Basal leaves ohlanceolate, persistent. 
Flowers zather large, purple, in a terminal 
raceme, on a hollow, hracted scape. 
Perianth-segments spatulate 

Stamens longer than the perianth-segments. 
Pllaments filiform, anthers ovate, blue. 
Capsule obovoid, deeply 3-lobed. 

Seeds numerous, white-appendaged at each 
end 


The contrasts in texture and habit of these plants are much greater than 
appears in a catalogue of their main taxonomic differences. 


• The following facts are taken from Stewardson Brown, in < Bartonia,’ iii. (1910) 1-0. 
t House, H. I)., in * Muhlenbergia,’ vi. (1910) 73. 
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7. OHAMjELIEIUM, Willd. 

This is another monotypic genus of eastern JSIorth America, but is some¬ 
what less isolated than the preceding. 

Oham^lirium lutbum, a. Gray. 

C, luteunif A. Gray, Man. (1848) 603. 

C* carolinianumf Willd. in Ges. Nat. Fr. Berl. Mag. ii. (1808) 19. 

C, obovah, Small, in Torreya, i. (1001) 108. 

Veratrum luteumf Linn. Sp. PI. (1763) 1044; Amcen. Acad. ili. (1766) 12,1.1. f. 2. 

V.fiavum, Herb, ex Scbult. f. Syst. Veg. vii. (1830) 1666. 

MeUmthium dioicum^ Walt. FI. Car. (1788) 126. 

M. luteunif Willd. in Ges. Nat. Fr. Berl. Mag. ii. (1808) 22. 

M> dmmmy Lam. Encyc. iv. (1823) 26, t. 269. f. 2. 

Helonias pumilia, Jacq. Icon. Rar. G786-1793) 2, t. 463. 

JET, luiea, Ker-GawL in Bot. Mag. (1807) 1.1062. 

JET, dtoicaj Pursh, FI. Am. Sept. i. (1814) 243. 

Ophiastachys virginica, Delile, in Redoute, Lil. viii. (1816) t. 464. 

JDicUnotrySf Raf. Neogen. iii. (1826). 

This species is much more widespread than the preceding ones, occurring 
'•from Ontario, Michigan, and Massachusetts, south to Florida and west to 
li^^braska and Arkansas. 

(k obovale^ described by Small from New York, New Jersey, and the 
mouBtains of West Virginia lo North Carolina and Alabama, is said to difEer 
from! C, luteum in having capsules obovoid or oblong-obovoid (not oblong or 
ovoid-oblong), 12-14 mm. (not 7-10 mm.) long, pedicels stout, club-shaped, 
about as long as the capsule (not 1-5 mm. long). The stem is also said to 
be zigzag, the leaves various, and the flowers larger, I have seen specimens 
showing some of these capsule characters, but they appear to bo too vague and 
•evanescent to serve for specific di.stiiiction. 

Redout6’s figure differs somewhat in foliage from that in the Botanical 
Magazine. The latter has elliptical-lanceolate leaves, pointed, with 3 or 4 
main parallel nerves ; the former broader, ovate-elliptical to obo\ate leaves, 
obtuse, petioled and pinnately veined. 

The following comparison shows the differences between Helonias and 
Chamceliriwn ;— 


ffelomaSf Linn. 

Flowers perfect, rather large, purple. 

Scape stout, hollow, sparsely bracted, 
flowers in a braotless raceme. 

Anthers blue. 

Ovaiy ovoid, 3-grooved, 

Capsule obovoid, deeply 8-lobed, the lobes 
divergent. 

liINN. JOITRN,—BOTANY, VOL, XLIV, 


ChamaBltnunif Willd. 

Flowers dioecious, small, white. 

Scape slender, hearing small lanceolate 
leaves, flowers in a long hractless spike¬ 
like raceme. 

Anthers white. 

Ovary oblong. 

Capsule oblong or obovoid, slightly S-lobed. 

N 
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S«8da muuiotta, Hhom', wliit»4fpMdii|sd %«di 6-13 in w3ii cnti^, JOanuMiiiloiif, 

Kt esdi end, bvondlf winind nt botk ends, nman^ 

tringed the sides. 

Leaves lanceolate, the lowest spattilate, Leaves ol)long*-spatukt6 or oManoeoIatef 
tapering into a petiole. evergreen. 

It is difficult to estimate the value of the differences between these two 
genera, or the number of steps which would be necessary to bridge the gap 
between them. But 1 believe wo are more likely to be right in thinking of 
the differences as having come about through definite variations than in 
picturing the gradual accumulation of infinitesimal differences. 

8 . AMIANTHITIM. A. Grey. 

1. Amianthium musoj:toxioum, A. Gray. 

A, musoatoxteum, A. Gray, in Ann. Lyc N Y. iv« (ldS7) 122. 

Mekmthium inum^e^xietm, Walt. FI. Gar. (1768) 126 

M, latumf Soland in Alt. Hort. Kew. i. (1789) 488 
Af. myoctmumf J. F. Qmel. Syst. Veg. i. (1790) 687. 

Mehniai keta^ Ker, in Bot. Mag. (1805) t. 803; Lodd Bot. Cab. (1824) t 908 

B, erythroiperma^ Miebx. Fl. Bor. Am. i (1803) 212. 

Amiantmthm muscatoxteum, Kunth, £nnm. Plant, iv. (1843) 180 
ZHyadenue Begel, Gartenfi. xxxii. (1888) 164, t. 1121. f 1. 

C^rogperma mwcaioxunmf Kuntze, Bev. Gen. PI (1891) 708. 

Long Island and eastern Pennsylvania to Florida, Tennessee, Missouri^ and 
Arkansas. 

2 Amianthipm AJNrousTiPOLiUM, A. Gray. 

A, angtati/ohumf A. Gray, in Ann. Lyc N.Y* iv (1837) 124. 

Antheneum mhtrigymm, Jaoq. Ic. ihir. ii. (1793) t 419. 

Bdmias anguatifoliaf Michx. Fl Bor Am. i (1803) 212. 

B. katOf p minor^ Eer^Gawl in Bot. Mag. (1613) 1.1640 
Zygadenus angu$Hfoliu$, S Wats, in Proc. Am. Acad, xiv (1879) 280. 

Tr€U!yanthu0 angmtifelw$f Small, Fl. S£ Un St. (1903) 251 
MeUmthmn phalangioidea ? Lam. Eneyc. iv. (1823) t, 269. f. 4. 

North Carolina to Florida, in moist pine woods, 

3. Amianthiu^i tkxakum, comb. nov. 

Tyacyanf^Hs anguit^Mm, var. tetanus, Bush, Bep. Mo Bot, Gard. xvii (1906) 119. 
r. iexama, Small, Fl. 8.B Vn. St. 2nded. (1913) p 1329 

In sandy swamps, eastern Texas. 

The genus of Gray (Cirosperma^ Bafint) contains three 

species: A. mugcoatomeum^ extending from Long Island to Penn., Florida, and 
Arkansas; A. angugtifoUwm of narrower distribution, from N, Carolina to 
Florida; and A. tewanum in Texas. The latter two species have been placed 
in a separate genus, Tracyanthug^ by Smalh but it would be difficult to find 
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a reaiton for creating a new genus in this case. A, angustifoUum is smaller, 
and it differs from A. musccetoaicum in its narrower leaves and smaller 
flowers, in addition to certain minor differences, as in the shape of the sepals 
and relative length of the stamens. But intermediates in certain localities 
occupied by both species make it very difficult to draw any definite line 
between them. Indeed, the two forms are by no means always easily 
separated. There is a possibility of tetraploidy here. Amianthium^ 
Xeroph/llum^ and Stenanthium are all examples of essentially bitypic genera, 
in which the two species differ chiefly in having broad or narrow leaves. 
This type of dimorphism is a common one in the plant kingdom, and probably 
has some special explanation which is at present obscure. Schomocatdon 
dvhium and 5. Drummondii form a similar pair (see p. 150). A, iexanum 
differs from A, angustifoUum in its larger size, broader leaves, large 
compound panicles, and decidedly yellowish flowers, the perianth-segments 
being oval, 4-5 mm. long. It resembles Stenanthium, but the panicle is 
much smaller and less branched and the perianth-segments not narrow and 
acuminate. The differences between Chamrelirium and AmiantMum will 
appear in the following comparative table :— 


Chamcelirium, 

Bitter, tuberous rootstock. 

Basal leayes short, spatiilate, taperiiip: into 
a petiole; stem-leaves lanceolate. 

Flowers small, dioBcioua, m a long, narrow, 
bractless, spike-like raceme. 

Perianth-segments linear-spatulate, 1- 
nerved, withering-persistent. 

Anthers subglobose. 

Ovary oblong or obovate, somewhat 
grooved. 

Styles short, stigmatic along the inner side. 

Capsules slightly S-lobed, ellipsoid. 

Seeds 6-12 in each cavity, linear-oblong, 
broadly winged at both ends, narrowly 
winged at the sides. 


Amianthiufih 

Ovoid-oblong coated bulb. 

Basal leaves numerous, long, linear, and 
blunt; stem-leaves few and short. 

Flowers perfect, in a dense terminal raceme. 

Perianth-segments obtuse, persistent. 

Anthers reniform, stamens inserted on the 
base of the sepals. 

Ovary ovoid, with 3 divergent lobes. 

Styles subulate. 

Capsules 3-celled, dehiscent above the 
middle. 

Seeds 1-2 in each cavity, ovoid, reddish 
brown. 


The diceoism of Chamcdirium and the bulb of Amianthium separate 
these genera much more widely than their other morphological features, 
which show many resemblances, Dioecisra has been attained independently 
a number of times, but we do not know whether it is usually accomplished 
by one step from hermaphroditism^ or whether the passage is more gradual 
through monoecism and polygamodicecism The bulbous condition has also 

e The convexse cheage> ffom dioeclsm to hemaphroditisn), seems to have occurred much 
earlier in the evoluflon of the flower. 
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ti 0 donbt been independently detiv^d many iimeSi ae we see io 
AfiMeUaf and Allium within tliis g^onp* It ie more difficult to vfsnaliae the 
passage from a rootstock to a bulb than in the above case of dlosoiam. It 1$ 
very difficult to believe that the passage is ever ab^upt^ and in certain platiiSy 
such as Amianthium^ the condition appears to be somewhat intermediate^ the 
bulbous condition not having been fully arrived at. 

Amtanthium is perhaps more closely related to SchmfmduUn^ whose main 
distinguishing features are as follows:— 


8ehoenooa'ukn» 

Fibrous^oated bulbs. 

Leaves basal, narrowly linear. 

Flowers in slender spikes, or in spike-like 
racemes with short pedicels. 

Perianth green, persistent, sepals and petals 
narrow* 

Seeds slender, nearly terete. 


AmhntAium, 

Bulb-like rootstocks. 

Leaves linear, blunt-pointed, those of the 
stem much fewer and shorter. 

Flowers larger, m cylindrical racemes with 
long pedicels. 

Perianth white, sepals and petals broad. 
Seeds thick, reddish brown. 


9. SCHCENOCAULON, A. Gray. 

The genus contains about twelve species, of which all but two are confined 
to Mexico and will not be considered here. These two are as follows s— 

1. SOHCENOOAULON DUBitJM (Michx.) Small. 

A Mtum, Small, FI. S£. Un. St. (1908) 250. 

A ^raeile, A. Gray, in Ann. Lyo. N.Y. iv. (1687) 127. 

Selonias dubia, Michx. FI. Bor. Am. i. (1808) 218. 

In dry pine lands, Georgia and Florida. 

2. ScHCENOOAULON Dritmmondii, A. Gray; Hook. & Arn. Bot. Beechey 

Voy. (1841) 388. 

A texanum, Scheele, in Linussa, xxv. (1852) 262. 

On prairies, Texas and Northern Mexico. 

These two species, apparently discontinuous in their distribution, form an 
interesting pair:— 

A dulntm: compact portion of i^ike 5 mm. thick; sepals oblong; capsules sessile. 

A Drummondii: compact portion of raceme 10 mm. thick, sepals linear; capsules 
pedicelled. 

8. Drummondii is stouter in every part, having larger flowers and wider 
leaves. 8. duhmm has apparently b^n derived from it by reduction, It is 
not a dwarf in the ordinary sense, but more like a miniature. The 
chromosome relations of these species would be worth looking into, 



FBOM TflB GENBTIC STANDPOlNl?. 


151 


10. STENANTHIUM, Kunth. 

This genus as now recognized contains only two species. 

1. Stenanthium gramineum (Ker), Morong. 

S, gramineum, Morong, in Mem. Torr. Club, v. (1894) 110. 

S. anguetifoHum, Eunth, £num. iv. (1843) 190. 

Heloniae graminea, Ker, in Hot. Mag. (1813) 1.1699. 

Veratrum angmtifolium, Pursh, FL Am. Sept. i. 242, ii. 747 (1814). 
Xerophgllmx gramineum, Nutt. Gen. i. (1818) 286. 

Virginia to Kentucky, Missouri, Alabama, and Florida. 


2. Stenanthium robustum, S. Wats., in Proc. Am. Acad. xiv. (1879) 278. 

Pennsylvania and Ohio to South Oarollna, Tennessee, and Missouri. 

These two species have been united by some writers, but S. robustum is no 
doubt worthy of independent recognition. It is larger and stouter, as the 
name indicates, and may bo a tetraploid mutant or cell-giant from 
S. gramineum. In S. robustum the capsule is erect, in S. gramineum reflexed. 
The former has leaves 4-6 ram. wide; the latter, leaves 6-20 mm. wide. 
The capsules of S. robustum are also larger (10 mm. long, instead of 8 mm.) 
and the perianth is said to be usually green, while in S. gramineum it 
is usually white. 

The two species occupy nearly tlie same territory, S. robustum extending a 
little further north and not so far south. Intermediate specimens are not 
improbably hybrids. A careful anatomical comparison of these species 
should be made. 

The genus Stenanthium is closely related to AmiantUum, which it resembles 
in foliage and with which it agrees in having bulb-like rootstocks. There 
are, however, conspicuous differences in inflorescence and flower-structure, 
as shown in the following comparison :— 


Amianthinm, Gray, 

Leaves linear, blunt-pointed, stem-leaves 
few and short. 

Flowers perfect, white, in a dense terminal 
cylindrical raceme. 

Perianth-segments broad, obtuse. 

Stamens as long as or longer than the 
perianth-segments* 

Oapsule 3-Qelled, dehiscent above the 
middle, the divergent lobes tipped by the 
subulate styles. 


iStenantMum, Kunth. 

Leaves linear, narrower, blunt-.pointed, 
basal leaves less numerous. 

Flowers polygamous, white or greenish, in 
an ample terminal panicle. 

Perianth-segments narrowly lanceolate, 
acuminate, spreading. 

Stamens shorter than the perianth-segments. 

Capsule ovoid-oblong, 3-lobed, dehiscent to 
base, the lobes with short, slightly 
divergent beaks. 


The paniculate inflorescence and narrow acuminate petals of Stenanthium 
are its most striking features. The change in the petals might represent a 
single variation, but it is difficult to saj whether one or two germinal changes 
could transform the racemose inflorescence of Amianthium into the loose 
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ptBicle o{ Stemnthium. It may saffioe to point oat that ite 
conception of gradoal traninidoa is based upon sappositioas wliich ntqoite 
proof as maoh as do those of sharp steps. If crossing experiments between 
these two genera oonld be institnted, it might throw light on the nature of 
all these differenoes. 

11. STBNANTHBLLA, Bydb. 

The genus Stenanthella was segregated from StenomtiMium by Eydberg, to 
contain the two species S. tachalinensU (F. Schmidt), Bydb., and 8. oeeuletUalu. 
To these should be added S./riffidtm from Mexico, which stands inocfa nearer 
to Stenanthella than to Stenanthium. The North-American species are ^en 
as follows!— 

1 . Stxnanthblia. oooidbntalib (A. Gray), Bydb. 

8. ocetdentt^, Bydb. in Boll. Torr. Bot Olub, xxvii. (1900) 5S1. 

Stmanthium oeeidentale, A. Gray, in Proc. Amer. Acad. Tiii. (1872) 406. 

Alberta and British Colombia to Oregon and Montana, and south to Trinity 
Co., California. 

2 . Stenanthella fbigida (Schlecht. et Cham.), comb. nov. 

Veratrum/r^fidum, Scblecbt. et Chamuso, in Linntea, vi (1881) 46. 

Ztgadenue fngidm, O. Don, in Edinb. N. Phil. Joum. (1832) 283. 

Stenmithtum/hgidtm, Kun&, Enum. Plant, iv. (1843) 189. 

Mexico. 

In S. fr^ida the ovary is partly inferior, but this alone is not sufficient 
reason for separating it from 8. ocddentalis, which it otherwise clearly 
resembles. It differs from the latter chiefly in its somewhat larger size, 
larger flowers, dark purple perianth, and shorter and less pointed capsules. 

The genus Stenanthella, which is markedly distinct from Stenanthium, 
differs mainly in the following characters:— 

Stenanthium. Stemmthdla, 

Infioroaoence a large panicle of many sesnle Inflorescence a raceme of few flowers on 
flowers. long pedicels. 

Flowers polygamous, small, white or Flowers perfect, much larger, greenish, 
greenish, open, not campanulate. brownish, or purplish, campanulate. 

Tips of perianth-segments not reflexed. Tips of penanth-segments reflexed and 

finally involute. 

12. ZIGAOEKUB, Miohauz. 

1. ZiGADENtrs GLABEBBIHCE, Michx. FI. Bor. Am. i. (Ifl03) 214, t. 22 ; Bel. 
in Eedout4, Lil. viii. t. 461 ; Bydb. in Bull. Terr. Bet. Club, 

XXX. (1903) 280, pi. 12. f. 1. 

Helomat iflabermna, Link, Enum. Hart Berol. L (1821) 348. 

In swamps, Virginia to Florida, and west to Missiesippi, usually near the 
coast. 
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Specimens: Bolling, Butler Co., Alabama, John D. Smithy 1884. Ocean 
Springs, Miss., J. Skeharij 1895. Long Beach, Miss., J. F, Joor^ 1891. 

2. ZiGADBNUS BBACTEATXJS, lloem. & Schult. Syst. vii. (1830) 1559. 

Hehnias bracteataj Sims, Bot. Map. (1816) 1.1703; Lodd. Bot. Cab. (1828) 1.1380. 
This has usually been referred to Z, glaberrimus^ but it appears to be 
a difEerent species, though T have seen no specimens. It is stated in Lodd. 
Bot. Cab. to be native of ('Jarolina and Georgia, whence it was introduced 
into cultivation in 1802. The species differs from Z, glahernmus in its very 
much larger and broader bracts and shorter pedicels. In Z, glahernmus 
the bracts scarcely equal the pedicels in length, while in Z. hracteatus they 
exceed the flowers. The inflorescence is also perhaps more compact and the 
petals apparently broader. This species should be looked for in association 
with /?. glaberrinms^ with which it has apparently been confused. The figure 
in the Bot. Mag. is evidently from a very young specimen in which the 
inflorescence has not yet elongated, but, nevertheless, the size and shape of 
the bracts seem to separate it from Z. glaberrimus, 

13. ANTICLEA, Kuuth. 

1. Antiolba sibirica (Linn.), Kunth. 

Melanthium eihirkum, Linn. Sp. PI. (1763) 339. 

Zigadenus sihiricuSy Kuntb, Enum. PL iv. (1843) 192; Endl. Gen. 136; A. Gray, in Ann. 
Lyc. N.Y. h. (1837) 112. 

Antiolea sibtrtca, Kunth, Euuni. PI. iv. (1843) 191; Rydb. in Bull. Torr. Bot. Club, xxx. 
(1903) 280, pi. 13 .1 4. 

Siberia. 

2. Antiolea japonica (Makino), comb. nov. 

Zigadenus ;aponicu8, Makino, in Bot. Mag. Tokyo, xvii. (1903) 162. 

Japan. 

Said to resemble A, elegans, but has smaller flowers, narrower not glancous 
leaves, stem shorter, and pedicels shorter. It apparently differs from 
A. sibirica. 

3. Antiolea elegans (Pursh), Rydb. 

Zigadenus eUgam^ Pursh, FI. Am. Sept. i. (1814) 241. 

Heknias gluherrima^ Ker, in Bot. Mag. (1814) 1.1680. 

? Asphodelo tgffims Jloridanaj ramose muU^jUiribus Ornithogali obsoletiSf Pluk. Amalth. 
(1706) p. 40, t. 372. f. 3. 

Antiolea elegans^ Bydb. in Bull. Torr. Bot. Club, xxx. (1903) 273, pi. 18. f. 8. 

Zigadenus dilalatus^ Greene, PI. Baker, i. (1901) 61. Colorado. 

Zigadenus alpinus^ Blankin. m Mont. Agr. Coll. Sci. Studies, Bot. i. (1906) 44. 

Antidea alpim^ Heller, in Muhlenbergia, vi. (1910) 12. Montana. 

Saskatchewan to Alaska, south to Colorado, Nevada, and Minnesota. 
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4. Autiolba ohlobahtha (Sii^rds), Eydb. 

Jl, ^jiauoa, Eunth^ Eaum. Pi b. (1848) 19S. 

A, ttUwmtha^ Bydb. ia Ball Torr. Bat. Club, xsx, (1908) 978. 

Zigadenm chhmntJmf BiobanlQ. in Frankl. l«t Jottm. (1891) 786. 

Z glaucm, Nutt, in Joum. Pfalla. Acad. vii. (1834) 66; Liadl in Bot Begf. xxiv. (1888) 
167. 

Z emadmsis, Hort. ex Baker, in lotp^n. Linn Soc,, Bot. xvil. (1879) 482« 

Z ehlormthui, |8. me;W, Hook, k Am. Bot. Beechey Voy. (1841) 402. 

Z. glaberrirnm^ Hook k Am. Bot. Beechey Voy. (1841) 160. 

Meknthium giauctm^ Nutt. Qen. u (1818) 282. 

New Brunswick to Minnesota and south to Vermont. 

5 Anticlka oolokadeksis, Kydb. 

A, oolomdensttf, Bydb. in Bull. Torr. Bot. Club, xxx. (1908) 278 

Zigadmtts coloradensts, Bydb, in Ball. Torr Bot. Club, xx\]i. (1900) 584. 

Z. ekgans, w. oohradenskf H. E Jones, in Bull. Univ. Mont, Biol. Ser. xv. (1010) 22. 

Colorado. 

Specimens; Red Creek, Colo., N. L. T. Nelson^ July 18, 1908 (2 sheets). 
Near Empire, Colo., H. N. Patterson^ 298. July 28, Sept. 6, 1892. 
Jarbridge, Head of Jack and Swamp Creeks, 2018, Nelson mid Machnde^ 
July 11,1912. These specimens are by no means uniform, but they represent 
some at least of the supposed peculiarities of A . coloradensis. 

According to Rydberg, this species differs from A, elegans in its smaller 
flowers, greener foliage, long and narrow bracts equalling or exceeding the 
pedicels, and a brownish or purplish tint of the inflorescence, bracts, and 
flowers.’* These differences are, however, by no means sharp in all cases, 
and intermediates occur in size of flowers and colour and length of bracts. 
The leaves vary in width from 3-15 mm. The perianth-segments are said to 
be 7-8 mm. long in Z. elegans, 5-6 mm. in Z. rolorademis ; 7-13-nerved in 
the former, 3-7-nerved in the latter. 

The toxic properties of several species of Zigadenue are discussed in a 
recent Bulletin It was found that Atitidea elegans^ Ihjcicoscordion venenomm 
and T, panioalatum were constantly poisonous to sheep, while A. coloradensisy 
though it contained small quantities ot alkaloid, was not lery toxic. This 
perhaps indicates the specific distinctness of the last species, for the properties 
of each species weie found to be generally constant. But T. venenoeum from 
one locality was less toxic than when collected elsewhere. 

6 . Anticlba yaginata, Rydb. in Bull Torr. Bot. Club, xxxix. (1912) 108. 

Utah. 

Differs from other species in its habit of growing in big clumps, and in its 
numerous loose sheaths at the base of the stem. In the perianth it resembles 

♦ Marsh, 0., Dwigbt, Clawson, A. B, and Mi^rsh, H., 1916 or Death Camas/’ 

Bull No. 126,11J.S. Dept. Agr. pp. 46, pis. 6, including 8 figs, of Z. 
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A, coloradensisf and in their veins A. porrifoUa. The perianth-segments are 
smaller than in the former and broader than in the latter. A. mginaia 
resembles A, porrifolia also in its branched inflorescence, but has shorter 
pedicels and broader leaves. 

7. Antiolea LONGA (Greene), Heller. 

A, longa, Heller, in Muhlenbergia, vi. (1910) 12. 

Zigadenus longm^ Greene, Pittania, iv. (1901) 240. 

Oregon. 

8. Antiolea porrifolia (Greene), Rydb. 

A, porrifdia^ Rydb. in Bull. Terr. Bot. Club, xxx. (1903) 273. 

Ztgadenus porrifolitMy Greene, in Bull. Torr. Bot. Club, viii. (1881) 123. 

New Mexico. 

Pale and soft, garlic-like, somewhat glaucous lojives ; bulb oblong with 
white outer coats; raceme simple or few-branched below; bracts ovate- 
lanceolate, green and glaucous; flowers small, nodding; periantb adnate, 
persistent, segments greenish, broad, none unguiculate; gland elongated, 
truncate, or obcordate. 

9. Antiolea mohinorensis (Greenin.), comb. iiov. 

Ziyadentts mohirwrensisy Greenm. in Free. Aiiier. Acad, xxxix. (1908) 71. 

(Jhilluahua, Mexico. 

Nearest to A, elegansy from which it diflFers in its somewhat larger flowers, 
more conspicuous and longer bracts of the inflorescence, and in the nature of 
the glands, which are obcordate or Y-sliaped, erose-margined. 

10. Antiolea volcanioa (Benth.), Baker. 

A. volcanicay Baker, in Joura. Linn. Soc., Bot. xvii. (1879) 482. 

Zigadenm volcanicua, Benth. PI. Hartweg. (1842) 90. 

Guatemala. 

11 . Antiolea viresoens (H. B. K.), Rydb. 

A. virescemy Rydb. in Bull. Torr. Bot. Club, xxx. (PK)3) 273. 

Heloniaa viresmiSy Kunth, Nov. Geu. Voy. Iliimb. et Bonpl. i. (1815) 267. 

Veratrum vireiscen$t Mart, et Gal. Enum. PI. Mex. 10; Kunth, Enum. PL iv, (1843) 698. 
Melanthium virmensy Willd. Herb. No. 7070 (ex Kunth, I, c.). 

Anticlea mexicanuy Kunth, Enum. PL iv. (1843) IJ^. 

Zigadmus mexiemusy Hemal. Biol. Centr.-Am., Bot. iii. (1885) 382. 

Zigadmus voloanicusy S. Wats, in Proc, Am. Acad, xviii. (1883) 165. 

Mexico. 

12. Antiolea gracilbnta (Greene), comb. nov. 

Zigadmu9 graoUeniusy Greene, Pittonia, iv. (1901) 241. 

Mexico. 
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Said to bo nearly related to A. elegant, bnt disimgnished by the oblAQoeolate 
iMives and the dioecious flowers. 

14. TOXIOOSOOEDION, Bydberg. 

1 . Toxioosoordion venbnosum (S Wats.), Rydb. 

T, venenomm, Rydb. in Bull. Torr. Bot. Club, xxx* (1903) 272. 

Zigadenus venmomB^ S. Wats, in Proc. Am. Acad. xiv. (1879; 279. 

Z, Nutfalhif S. Wats, partim, in Bot King*s Ejtped. v. (1871) S48. 

British Columhia to California. Not east of Wyoming. The type may 
be considered to come from Monterey Co., Calif. Watson’s description 
included plants from the Coast Hange and also from the Sierra Nevada. 
These belong to distinct species, and the Monterey Co. locality is selected 
merely because mentioned first. That the Sierran species is distinct 
is proven by specimens of the flowers shown me by Dr. H. M. Hall. The 
flowers of the latter are much smaller, and the stamens exserted beyond the 
petals. 

2. Toxiooscordion iotermebittm, Eydb. 

r. mtet^mediumf Rydb. in Bull. Torr. Bot. Club, xxx (1903) 272, pi. 18. f. 2. 

T. gramineutn, Rydb. /, c. xxx. (1908) 272. 

ZigadenuB intermediw^ Rydb. I c. xxvii. (1900) 635 
Z graminmBi Rydb. /. o. 

Z, vefienoBUBf var. ambigmUf M. E. Jones, in Contrib West Bot. xii. (1908) 77. 
Montana, Idaho, Wyoming, and Utah. 

Rydberg now considers (Z. c. xxxix. 109, 1912) that T, fframineum cannot 
be separated from 1\ intermedium^ being a dry hill state of the same with 
smaller flowers and narrower leaves. It is doubtful it this species can be 
separated from T. venenomm, 

3. Toxiooscordion acotum, Rydb. 

r. acutunif Rydb. in Bull. Torr. Bot Club, xxx. (1908) 272. 

ZigadenuB aoutuBf Rydb. I c. xxvii. (1900) 686. 

South Dakota. 

This is said by Rydberg to be easily distinguished from T. venenomm by 
^Hhe acute short-clawed petals and sepals, which are both cuneate at 
the base.” The species is apparently not well marked. 

4. Toxioosoordion saunttm (A. Nelson), comb. nov. 

ZigadmuB sahnm, A. Nelson, in Coult. Bot. Gazette, liv. (1912) 406. 

Idaho. 

This species is near to T’. venenomm and T, mtermedium^ but has globose 
bulbs and small glands. It lives in alka}i*«bog lands. 
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6. Toxioosoordion arenioola, Heller, in Mahlenbergia, ii. (1906) 182. 

Inyo Co., California, Washoe Co., Nevada. 

This is a segregate from 1\ venenomm. The bulbs are broadly ovoid, 
clothed with dark brown outer coats. The leaves about half the length 
of stem. Inflorescence at first short and dense, becoming 1-2 dm. long ; 
pedicels very slender, spreading and ascending; bracts membranous, 
acuminate ; perianth white, segments faintly 3-toothed at the apex and very 
short-clawed, with a small, yellow, orbicular, fimbriate gland just above 
the claw. 

6 . Toxiooscordion Nuttallji (A. Gray), Hydb. 

T, NtUtaliiif Kydb. in Bull. Torr. Bot. Club, xxx. (1903) 272. 

AmimUhmm NuitaUii, var. a, A. Gray, in Ann. Lye, N.Y. iv. (1837) 123. 

Amiantanthus Nuttallii^ Kunth, Enum. PI. iv. (1843) 181. 

Anticlea NuUalliif Torr. Pacif. B. li. Rep. iv. (185(5) 144. 

Zigadenm Nuttallii^ A. Gray, Man. ed. 2 (1857) 47(5; Gartenfl. xxxii. (1883) 163 
t. 1121. f. 2. 

Helontas angmtifolia^ Nutt, in Trans. Am. Phil. Soc. v. (1837) 154. 

Colorado, Kansas, and Arkansas. 

Bulb with blackish skin, white within, sepals variable, gland small, 
roundish, without distinct margin. 

7. Toxicosoordion Fremontii (Torr.), Rydb. 

r. FremontUf Rydb. in Bull. Torr. Bot. Club, xxx. (1903) 273. 

Zigadenm specioms, Bougl. ex Hook. FI. Bor. Am. ii. (1840) 177. 

Z, glahfrnviusy Hook. & Am, Hot. Beecliey Voy. (1843) 100. 

Z, Doug lam, Torr. Pacif. R. U. Rep. vii. (1856) 20. 

Z. Fremontii, Torr. ex 8. Wats., Bot. King’s Exped. v. (1871) 343. 

Z, glaums, Nutt, ex Baker, in Journ. Linn. Soc., Bot, xvii, (1879) 480. 

Anticlea Fretnontii, Torr. iV'if. R. R. Rep. iv. (1850) 144. 

California. 

Sepals not clawed, 5-7-nerved, gland irregular-margined above ; stamens 
half as long as the perianth. 

Toxicoscukdion Fremontii (Torr,), Rydb., var. minor (Hook. & Arn.), comb, 

iiov. 

Zigadenue chloranthm, a, minor, Hook. & Arn. Bot. Beechey Yov. (1841) 402, 

Z. commutatus, Schult, Syst. Veg. vii. (1880) 166], 

Z. speciosus, var. minor, Greene, Man. Bay Region, (1894) 315. 

Z. FremontUf var. minor. Hook. & Arn. fide Jepson. FI. W, Mid. Calif, (1901) 122. 

Smaller in every part. This is an early dwarf form, 4 or 5 inches high, 
with few flowers, in open wet ground near the coast (Jepson, FI. 122 ). 

8. Toxiooscordion bxaltatum (Eastw.), Heller, 
r. exadtatum, Heller, in Muhlenbergia, vi. (J910) 83. 

Zigadenm exaltatue, Eastw. in Coult. Bot. Gazette, xli, (1906) 283. 
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{hlitornh. 

Tbi^ is said by the Author to be ihe largest species of Ziffudemm and ip be 
related to 1\ panieulatum in habit and siee of bulb, but the dower parts are 
of different shape. 

9. Toxioosoordion BaJEviBRAOruATtrs (M. E. Jones), comb. nov. 

Zi^adenus FremmUiy var. hreuhmsteatm^ M. E« Jones, OonUdb. West. Sot. adi. (1908) 78. 
Z, brecibracteaimf Ilall, In IJniv. of Cal. PubL, Botany, vL (1915) 165« 

Victor, Calif., and along the southern borders of the Mohave Desert. 
Differs in having very narrow leaves, small flowers, ample compound 
racemes, stout horizontal pedicels 25-40 mm. long, and ovate-lanceolate 
bracts. This is a desert species. 

10. ToXICOSOORDION P4N10ULATUM (Nutt.), Eydb. 

T. pctnicuiaUim^ Rydb. in Bull, Ton*. Bot, Club, xxx. (1908) 272. 
ll^niai pwmmlata^ Nutt, in Jouru. Philad. Acad. vii. (1834) 67, 

AmiantUum Nuttallii, var. /9, Gray, in Ann. Lyc. N.Y. iv. (1837) 123. 

Zigadenus panieulatm^ S. Wats, in Bot. Bang's Exped. v. (1871) 343. 

Z. NuUnUii, Tar. pmimdaHs, Baker, in Jouru. Linn. Soc., Bot. xvii. (1879) 481. 

Montana and Washington to New Mexico and California. 

Distinguished, according to Rydberg, by its stout habit, generally 
branched inflorescence, and rhombic-ovate, acute, and almost clawless jiotals 
and sepals.’’ 

11 . Toxioosoordiok faloatum, Rydb. 

T.faloatum^ Rydb. Bull, Torr. Bot. Club, xxx. (1903) 272. 

Zigadenus fahoitm^ Rydb. L c, xxvii. (1900) 638. 

Colorado. 

The following specimens in Herb. Missouri Bot. Card, are referred to this 
species; Canon (Jity, Colo., 24, S* Bra/idegee^ May, 1871. Fort Collins, 
Colo,, C, S* Crandall^ May 17, 1894 (cotype), Denver, Colo., JE. (7. Smithy 
May 21, 1891. Near Fort Collins, C. I\ Baker, May 24, 1896. 

Said to differ from T, panieulatum in the distinctly clawed petals, which 
are subcordate at base. “These characteis, together with the more distinct 
glands and the slightly adnate filaments, distinguish it from T. JNuttalliu^^ 

12 Tuxicosoordion mioranphum (Eastw.), Holler. 

T. mkmnthmi, Heller, iu Mubleubergis, vi. (1910) 83. 

Zigadmm mcranikut, Eastw, iu Bull Tolr. Bot. Club, xxx. (1903) 483. 

Mendocino (Jo., California. 

It is very doubtful if this differs from the true T, oenmoeum. 

13. Toxiooscordion texensb, Rydb. ex Small, FI. S.E. On. St, (1908) 
252,1828, 

Texas, 
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Raceme many-flowered ; perianth yellow, segments clawed, snbcordate, 
about 5 mm. long; glands half-orbicular, the upper edge free. 

15. OCEANOEUS, Small. 

OOBANORUS LEIMANTHOIDES (A. Gray), Small. 

Amimthium IdmanthmdeB, A. Gray, in Ann. Lvc. N.Y. iv. (1887) 125. 

Amimtanih'm leimanihoidBB^ Kunth, Enum. PL iv. (1843) 188. 

Zigadenus kimanihoides^ A. Gray, Man. ed. 2 (1857) p. 476. 

Melanias graminea^ Ell. Herb, (ex Kuiitb, 1. c.). 

Oceanai*u$ kimanthoides^ Small, El. S.E. Un. St. (1903) 252,1328, 

Long Island to Georgia and Tennessee. 

The old genus Zigadmus has been broken up into four closely related 
genera. These arc Anticlea^ Kunth, Enum. iv. (1843) 191; Toncoscordion^ 
Rydberg, in Bull. Torr.Bot. Club, xxx. (1903) 272, and Oceanonis Small, FI. 
S.E. Un. St. (1903) 252, leaving Zigadmus ilself with two species, only one 
of which is known in the wild condition. Z. glaherrimus comes close to 
Melantkium, so close that very good reasons might bo adduced for including 
it in that genus. The differences between these genera are as follows:— 

Plant with a rootstock; perianth-segments each with two glands. Zigadenus, 

Plant with a bulb-like rootstock ; perianth-segments each with a single 
thick gland. Oeeauorus* 

Plant with a bulb; perianth-segments each with a single gland. 

Plant poisonous, ovary wholly superior; gland obovate or semi-orbicular. 
Toxieoscordion, 

Ovary partly inferior ; gland obcordate or notched. Aniiclea, 

The habit, wdth a rootstock or bulb; and tbo number and shape of the 
glands at the base of the perianth-segments, are thus the main distinguishing 
features. It is reasonable to suppose that the gland differences at any rate 
may have originated by single steps. Auticlea and Toxicoscordmi^ the former 
having about 10 species in North America and two in northern Asia, and the 
latter with about 12 species in western N. America, might be regarded as 
the oldest genera. But, so far as I am aware, the bulbous condition, which 
has arisen independently in many families, has always been derived from an 
ordinary stem or a rootstock, and not vice versd. Hence we must regard the 
ancestor of Zigadenns glaherrimus as representing the original stem, from 
which in one direction Z, glaherrimus was derived, perhaps through a 
mutation in which the basal glands became divided into two, w^hile in 
Z. (Oceanorus) leimanthoides the bulb-like dovidopment began, to be completed 
in the ancestors of Toxicoscordion and Anticlea, Jn the latter, meantime, the 
glands became obcordate or more or less bifurcated, and the ovary partly 
inferior. 

It is necessary to assume an extinct ancestor having a rootstock and 
a single undivided gland. Aside from this, there is no evidence of 
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recently. On tiie other hantlt it i» pOesiUe tfa«i li may to a «Rt£vi#t^ «f a 
group similar to ^ {neeent 4nfl<dea. 

Ilie diatiimtloas between 8pieoi<ai in .doHalcaand 7(M’<!eM0«2ioa am ScjOnded 
chiefly n^Mia eB<^ featores a» the shape ol the periaBtli>glftnde, the eke and 
efaape of sepale and petals, whether ckwed or dawlees, the width of laairm, 
and the nature of the ntoeme. These diSereooes are for the moat pert hot 
sharply wrked pietenee and ftbsanoe ehftraoters^ bnt tend to bs c|,iMaUtat!n 
and coni^nnoas. This makm the discrimination of species dlfl^lt. ^Hie 
two genera are, in £mt, in rather a <haQtao condition, owing partly to the 
nature of the speeiflie differences, partly to their Tariability, and partly to the 
description df a niunher of new species on a rather slender basis and from 
indtffk^ient matMial to determine tiie range and manner of variation of the 
varions £orms> 

In the preceding pages I have merely assembled the species, some of which 
will very Hkely be traced to synonymy, bnt the genns can only be adequately 
treated after aottie botanist has made a careful stsdy in the field. 

We have already concluded that the present Z^ademt represents an 
ancestral condition from which Oiemerut, Aniidea, and TomeotoorMon were 
derived. On the other hand, ZHgademu has clearly led to Melanthium, and 
Mdafahium to Fsratmm tiirongh the loss of the glands on the perianth*- 
segments. Hence we may oonelnde tiiat Ziffodemu is the oldest genns in 
this secti<m of the Melsntitaoese. Presnmafaly it and StenantJiium are 
descended from a common anoOstor^ ^Spademu having dev^oped the pairs af 
glands on the perianth-segments and also the claws on these segments. Hew 
these two fsatiires dereloped^ we have at present no mwns of knowing, bnt 
there has probably been cmutidershle extinction between the present geneta 
and StentmiUufn- 


1«. Cqayt., ex Urn, 

1. MMJMmm mmmomt, 14nm $p. f^l. (17113) 333 {ttamk. ]SAieyo,iv. 
(1333) 34, t. 369. f. h 

M. itthm, mum, ex Eunff, ftSWU. H k. a3V3) l»» 
iE ii«stseMwm, dsM<d. k Idsm 3a 
4lpMW)ai etstiM* IMASnif ftiUdkiA 
Plttk Mth. (1700) 43, ti l;E 
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Z^immlhikm Willd. Bp* PI, ii, (1769) p. 266 ; A. Gray, in Ann. Lye. Y. 

K (1867) 11$, pixBm. 

MfeimiaB Sinte, Bot. Mag, (1896) t. 686. 

VmUrum v^imoum. Ait. Hort Kaw, ed. 2, v. (1813) p. 426. 

S^admm virgmieui, Kuntb, Knuin. Pi. iv. (1843) 195 partim. 

In maadowg and swamps, lihode Island to Minnesota, and sontb to Florida 

and Texas* 

2. Mblaothitjm hybriditm, Walt. FL Carol. (1788) 125;yPnrsh, FI. Am. 
Sept. i. (1814) 241; Ell. Sketch, i. (1821) 418. 
ilf. rnemojam, Michx. II. Bor. Am. ii. (1803) 261. 

Af. UxHfoUum, Desronss. in Lam. Encyc. iv. (1797) 26. 

Ldmmthium hybridum, Schult. Syst. Veg. vii. (1880) 1560; A. Gray, in Ann. Lyc. N.Y. 
iv. (1887) 115. 

Ziya^^ hybridus, Kunth, Bnum. PI. iv. (1848) 196. 

In dry woods and on hills, Connecticut to Pennsylvania, and South 
Carolina. 


3. Melanthium mokoiocjm, Walt, FI. Carol (1788) 125 ; Pursh, FI Am. 
Sept. i. (1814) 241; Ell Sketch, i, (1821) 418. 

Af. poiyyutmm, Desrouss. in Lam. Encyc. iv. (1797) 25. 

M* duperium. Small, in Bull* Torr. Bot. Club, xxv. (1898) 606. 

Leimanthium mmousum, Schult. Syst. Veg. vii. (1830) LW; A. Gray, in Ann. Lyc. N.Y. 
iv. (1887) 116 partim. 

In woods. This species appears to be quite restricted in distribution. 
Small described his Af. diepersum from Walton Co., in the north of Florida, 
and the following specimen is in Herb. Missouri Bot, Card.: Sphagnous 
bog about^B miles east of Folkston, Cliarlton Co., Georgia, 1506, Roland M. 
Harper^ Aug, 12, 1902. Pursh gives as the distribution, “on the mountains 
of Virginia and Carolina.” 


This genus of three species is confined for the most part to south-eastern 
North America, though Af. virginicam extends farther north and west. 
Af. monoieum occurs on the borders of Florida and Georgia, and probably 
also in Virginia and Carolina. The main specific difiEerences are as follows :— 


Af, myinieum. 

Leaves linear, acuminate, 4'^-12'’ wide. 
Huwere 6^-1^ broad, greenieb yellow. 
Penau^-Segments oblong, obtuse^ fiat, 
entire, blade at least twice as long as 
the (daw 


Af. hyhridtm. 

Leaves oblanoeolate, acute, 6^-2^ wide. 
Flowers broad, greenish white. 
Perianth^segments orbicular or ovate, 
undulate or crisped, blade longer than 
the narrow claw. 


M. mbmicum^ Walt., differs from Af, mrginieum in liaving (1) longer and 
nan^wer leaves, (2) a very broad instead of a narrow panicle, (3) fewer 
Howetf on stoutet pedicels, (4) perianth-segments thicker and with shorter 
claws. The stamens are attached near the top of the claw. 

^ l^a pmilaafiit^ments are abo usually more pubesoent on the outside. 



lli |i4i:k»fb<wiK»e&i« ^ Wl» 

4# !i> 4 p4 11 ^ ¥w9 1^1 

tiNi^bldoAdb ot%«r 'm I«>liaf|!i4l h i%ci4!)e(tM^ 

ii4iile b t4ufe£<Ai«^4}l3r A# 

«|ftm«n9. tib«7 ftn» £r«» hm Ifo ]Mr)^|lli>«egnfiai8 «ip4 nW^ 
in length in SStptalktmi, while In MiaJmthUtm Hkg^ itre ihhHeir #»>« 4« 
segments to wBi^ fire ndi>#«u The seeds ot llie {(ii«^ nm Vildehf ** 
Wnmr, while those o£ 4e liktter nMi dot end hroedly winged Site 
nbo show ohiUfWidCKictie diflismioes. Thus in MdaaiMtm iihaf »«»tnmOftte 
at the top, while in J^indem* they are more gredosUy narrowed Mtd poRed 
ont, as it were, at the points whore Rte siRgmas piotrade. Another dijEEeretioe 
is found in the Rowers, whloh are momBoions in Afehnifhimn, hermaphrodite 


The differences hetwefm the three speoies of JiitlatitUum aro typical spemfio 
differmtoes, and there is no direot evidence as to how Rtey came ahoot. The 
gevns is otosely rehsted to JZ^adema on the one hand, and throng 
V, parvifim/m to Fhrofmm on the other Imnd. The scabrous pubescence 
of Mtlantiawm may be supposed to hate originated suddenly in a Zigadmwh 
like ancestor. The differences in relaiite 8tanien>length and in the adnation 
of the stamens to the petals are no gmter than in the species of, e. g., 
Triilium. Hence it is unnecessary to suppose any greater amount of 
extdnotion between these three genera than occurs between species of the 
same genus. 

The resembknoes and differenees between Melanthium and Vmdrum are 


pointed out in Rie t^loudng table. The two genera agree ip certain features, 
such as the puhesoenoe and the shape of the seeds, in which they are con¬ 
trasted with Zigadem*. On the other hand, Melanthium and Zigadenm are 
ciosely simihir in the ghuids on the periantb, which in Veralnim hate been 
almost oomfdets^ lout r— 
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finut the OTUy, t 
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Yentimm. 


Bootstodn poismous. 

Stem mtd inflonswueepubweant. 

iBntas bMad, chtspiii|^ tsiued. 
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W«i my now consider the synonymy of the three species of Melanthium^ 
to|(ithet if^rith that of Veratrum parviftorum^ Miohx , which has often been 
ittotnded in the same genus* It will be seen that M. mmoieum^ Walter, 
M* dispsrsum, Small, and J/, hphridum, Walt., takes the place of 
M» htifciiun^ Desrouss. The reasons for these changes are as followsj Walter, 
in the ^ Flora Oaroliniana/ recognizes the three known species of MelafUhium 
under a special section of his genus MelantUum which is thus described; 

Fetalis nnguicnlatis imprimis albis demum obscnro-robris seminibus semi- 
Oiratis/’ The first species is M. virginimm^ Linn., the second he describes as 
M, hghndum^ and the third as M, monoicum. Let ns consider ilf. monotctem 
first It is described as follows : Fetalis planis, maculis 2 loteis; floribus 
inferioribns masoolis majoribus, paniculis lateralibus; superioribus foemineis 
raceme terminali.^* Pnrsh describes the species as follows: M. panionla 
inferne mascula, superne feminea racemosa, petalis oblongis planis brevi* 
unguiculaiis bimaculatis, stylis germine dupio brevioribus. Walt. FI. Car. 
125.^^ He adds that the flowers are smaller than in A/, virgimcum^ and not 
so apt to change colour. Elliott merely repeats the description of Pnrsh. 

There can be no doubt concerning the identity of this species with the 
M, dupermm of Small. Particularly the oblong flat petils with two glands 
and a short claw, and the flowers smaller than in M, virginicum^ serves to 
identify the species; also the broad panicle and the fact that the upper 
flowers are mostly pistillate. This identification clears up a long-standmg 
difficulty with Walter’s i/, monoieum. Assurance is made doubly sure by the 
detailed description of Leimanthum monoicum, Schult., in which measurements 
and numerous other details are given. 

When Af. monoicum^ Walt., has been identified, the remaining synonymy 
falls easily into place. The identity of A/, hybridum^ Walt., is not quite so 
conclusive as that of Af. monoicum^ but that it is the same as Af. laU/olmm^ 
Desrouss., there can be very little doubt. Britton * has referred it there 
with a question mark, which I think must be removed now that Walter’s 
Af. moncdcuni is recognized. 

The description of Af. hybndum by Walter is in these words: ”petalis 
pUoato-undulatis immaculatis, floribus masculis et foeminis mixiis/^ The 
word ^4mmaculatis ” has been the source of trouble, for the other two 
features^ (1) undulate petals and (2) staminate and pistillate flowers inter¬ 
mingled, are peculiarities of this species, while glands are usually present on 
ilie perianth^segmenis as in other species of MelantUum. The description of 
Fursh, however, leaves no possible doubt as to the plant intended, for be 
f|^|ns under Af* hybndum : M* pauioula superne racemosa feminea, petalis 
enBrntendis pUcato-undulatis via maculatis, extus hirsntis.’^ He gives as 

« Srittou h Brown, 111. H. i. (1896) «)7. 


0 
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synonyms M. latifolhtm^ Lam. Encycl. iv. p. 25, and M. racemomm^ Michx. 
FL Amer. i. p. 251. He farther states that the flowers are ‘‘small, pale 
white, and do not change.^’ That Micbaux’s AT. racemomm is the same plant 
is shown by the character of the petals in his description; “ panicula recemoso- 
oblonga, confertiuscula ; laciniis calycinis orbiculatis.*’ 

Elliott, under the name M, hyhridum^ Walt., also clearly describes this 
species, his diagnosis being as follows : “M. panicula puboscente, racemosa; 
petalis orbiciilatis, plicatis, longe unguiculatis ; glandulis coalitis/' He 
further says, “ glands forming an emarginate circle, at the summit of the 
claw, with a furrow along the centre,” which exactly describes the usual 
condition in this species. 

In the absence of glands, Nuttall concluded that i/. hybridum, Walt., must 
be the plant now known as parvijlorum, Michx., which Nuttall 

clearly describes under the name M. hybridum. But Asa Gray, in his 
description of M. hybridum, Walt., under the name Leimanthium hybridum, 
mentions that the glands are sometimes obsolete. It is evident, then, that 
Walter founded his description on plants of this character. Gray’s 
full description is as follows : “ Foliis lineari-laneeolatis, elongatis ; periuntliii 
foliolis anguste unguiculatis, lamina rhomboideo-suborbiculata, inargine 
undulata; glandulis conniventibus (quandoque obsoh'tis); unguibusconvoluto- 
canaliculatis, infra medium starniniferus.” He evidently gave the species 
careful study, for he describes * three forms of Leimauthimn hybridum 
{M. hybridum, Walt.) as follows;— 

“ a gracilis ; panicula sparsiflora, ramis plerisque simplicibus. 

“ ^ robustior ; foliis inferioribus plantagineis ; ramis imis paniculse 
compositis. 

“ 7 elata *, ramis paniculse plerisque compositis, multifloris.” 

A study should be made of these forms, which differ in the branching of 
the panicles and in the foliage. 

The Schultes^ description of L. hybridum adds further details. Inhere 
remains, then, no reasonable ground for doubt that Pursh, Elliott, and 
Asa Gray were right in their designation of ii. hybridum, Wult., which must 
therefore be known under that name. 

Gray was less fortunate in his characterization of Leimanthium monoicum. 
His description is that of Veratrum parviflorum, while his synonymy refers 
in part to M. mmoicwm* Kunth also made the mistake of describing 
Veratrum parviflorum under the name Zigadenus monmms. Gray also 
confused Melanthium virginicum, Linn., with M, hybridum, Walt., under the 
name Leimanthium virginicum, while Kunth following him confused the same 
forms under the name Zigadenus virginicus. 

t A. Gray, in Ann. Lyc. New York iv, (1837> 116. 
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17. VEEATEUM, Tourn.; Lmn. 

1. Veratkum PARViFLOBUM has been eoiiMdered with the genus Melanihium 

because its synonymy has been entangled with that genus, standing as 
it does in some respects intermediate between these two genera. We 
may now consider the remaining species of Veratrum, 

2 . Veratrum viuide, Ait. Hort. Kow. iii. (1789) 422 ; liigel. Amer. Med. 

Bot. ii. (1818) 121, t. 33. 

V, iilbunif Miclix. 11. Bor. Am. ii. (1803) 249, non Linn. 

Helonias vtridis, Ker, in But. (1808) 1.1096. 

In swamps and wot woods, New Brniibwick and Quebec to Ontario, south to 
Georgia and Tennessee, west to Minnesota. 

3. Veratkum Woodii, Ifobbins, in Wood, Olassbook, ed. 2, 557 (1855). 

Dry woods and hilU, S. Indiana to Missouri, Illinois, and Iowa. 
Specimens: Hancock (;o., Ill., S. />\ AJead^ 1842. fresembles V. inter¬ 
medium). Dosmoines Itiver opp. Portland, Iowa Terr., (has. A. (ief/er, 1841. 

4. Veratrum intermedium, Oliupm. Flora S. Un. St. (1860) 489. 

Middle (Jeorgia to middle Florida. 

Specimens : Gadsden Co., Fla., (liajnnan^ 1837. Foot of Stone Mountain, 
Do Kalb Co., Ga., JUfgerl., 1897 (resembles V, Woodii). 

5. Veratrum californicum, Durand, in Journ. Phila. Acad. iii. (1855) 

103; Piper, FI. Washington, Oontrib. U.S. Nat. Herb. xi. (1906) 196, 
pi. 20. 

r. album, S. Wats. Bot. Kiujjr’s Evped. 344. 

V. speciosmn, Hvdb. in Bull. Torr. Bot. Club, xxvn. (1900) 531. 

Washington State to California, Colorado, and Montana. 

6. Veratrum fimrriatuai, A. Gray, in Proc. Amer. Acad. vii. (1868) 391. 
Calif. (Mendocino Co.) along the coast. 

7. Veratrum caudatum, Heller, in Bull. Torr. Bot, Club, xxvi. (1899) 588. 
Western Washington. 

8. Veratrum Jonesii, Heller, in Muhlenbergia, i. (1905) 124. Idaho. 

9. Veratrum tenuipetalum, Heller, 1. c. i. (1904) 39. (Colorado. 

10. Veratrum Eschsoholtzii (Schult. f.), A. Gray. 

V. Eschsckoltzii, A. Gray, in Ann. Lyc. New York, iv. (1837) 119. 

V, Lobelianum, fi. Eschsckolziamm, Schult. f. Syst. vii. (J830) 1565. 

V. parviflomm, Bongard. in M^m. Acad. St. P^tersb. ser. 0, ii. (1831) 166. 

Alaska and British Clolumbia. 

Specimen; Rodman Buy, Alaska, 56, Mrs. K. Stephens, Aug. 15, 1907, 
Univ. Cal. Herb. 127687. 
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The poisonoas genus Virairum contains some 17 species in the north 
temperate zone. In northern Asia are found F. alfmm, Linn.i and F. nigrmn^ 
Linn., and several other species. Of the North American spedes F. parw- 
florum^ F. viride^ F. intermedium^ and F. Wcodii may be ranked as eastern 
species. K parviflorum^ Michx., is frequently included in Melmthium^ but 
in the absence of glands on the perianth-segments and in view of its close 
relationship to F« intermedium and F, Woodii there is no doubt that it is 
properly excluded from Melanthium^ 

In distribution^ F. viride is spread most widely, extending west to 
Minnesota in wet habitats. F. parmflorum occurs in drier localities on 
mountains from Virginia to South Carolina, V, uitermedium in Georgia and 
Florida, while F. Woodn oociirs farther west, in Indiana, Illinois, Missouri, 
and Iowa. It must be said, however, that F. and F. Woodii ute 

particularly difficult to separate, and this difficulty is enhanced by finding 
from Georgia certain specimens (Foot of Stone Mountain, De Kalb Oo., 
Georgia, H*Eggert^ July 23, 1697) verging on F. Woodii and from Illinois 
a specimen (Hancock ('o., Ill., S. B. Mead^ July, 1842) practically 
inseparable from F. intermedium. The differences between the species 
in their typical condition are as follows :— 

F. Woodii : Perianth-segments broad, purple ; pedicels typically very 
short, 2 '' or less. 

F. intermedium : Perianth-segments narrower, dark brown within 5 
pedicels 3^-4'' long. 

On the other hand, F. intermedium comes nearest F. parviflorum^ from 
which it is clearly sepamted, however, as follows :— 

F. intermedium : Stamens nearly as long as perianth-segment, ovary 
pubescent* 

F. parmflorum : Stamens less than half as long as the perianth-segment, 
ovary smooth. 

In the two features of F. intermedium above mentioned it agrees with 
F. TFoodw. V. viride is much stouter, with broad elliptical leaves, in which 
it agrees with the western F. califomicum. 

The differences between F. viride and F. Woodii are shown in the 
following table 

V. viride. V. Woodk. 


Stem stont, very leafy to the top. 

Leaves broadly oval, sheath-clasping. 

Panicle pyramidal. 

Perianth yellowish green, segments ciliate- 
serrulate, pubescent. 

Ovary glabrone. 

Flowers 16-25 mm. broad. 


Stem deader, sparingly leafy. 

Leaves oblanceolate, only the lowest 
sheathing. 

Panicle veiy narrow. 

Perianth greenish purple, segments entire 
glabrous. 

Ovary tomentose. 

Flowers 12-»16 mm. broad. 
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The seven western species are as yet imperfectly known. F. fimbriatum^ A. 
Gh*ay, the most striking species, having fimbriate perianth-segments with 
two glands at the base and an obtuse, obovate, few-seeded capsule, is found 
only along the coast of California in Mendocino C/o. We may suppose that 
the fimbriiite character at any rate originated through a mutation. Plants 
belonging to V. californicum, Durand, and V. speciosum^ Rydb., have broad 
perianth-segments, acute with a green V-shaped basal mark, or obtuse and 
without this mark, but the diflEerence does not appear to be constant. 
V, caudatvm, Heller, and V. tenuipetalum, Heller, have narrow segments, 
2-3 mm. wide in the former and 1 min. wide in the latter. The chief peculiarity 
of V, caudatum is the greatly elongated central rbachis of the inflorescence. 
It may bo doubted whether these two species are well founded. Heller, in 
Muhlenbergia, i. (1905) 120, has formed a key of the seven western species 
he recognizes, but neither the characters nor the distribution of these species 
are as yet sufficiently well known to warrant further discussion. They all 
appear to have been derived from the ciride type, perhaps through 
P. califormeum. 

18. SCHOSNOLIRION, Torr. 

1. ScHCENOLiRiON CROCRiTM (Michx.), A. Gray. 

etoommy A. Gray, in Amer, Nat. ac. (1876) 427. 

Phalangium crocewHy Michx. FI. Bor. Am. i. (1808) 196; Nutt. Qen. i. (1818) 220. 
Anthericum croceumy Schult. Syst. Veg. vii. (1829) 470. 

A, Nuttallianumy Schult. I, c, (1829) 477. 

0,vytria crocea, Kaf. FI. Tellur, ii. (183(5) 20. 

Ornithogalum croceumy Kunth, Enuni. PI. iv. (1843) 371. 

0. Nuttalliamm, Kunth, /. o. (1843) 372. 

Georgia to Florida and Louisiana, in sandy soil. 

2. SoH(ENOLiRiON TKXANUM (Sclieele), A. Gray. 

S, texanum, A. Gray, in Amer. Nat. x. (1870) 427. 

8, Michatuti, Torr. Bot. Mex. Bound. (1869) 220, partim. 

(hmithogdum texanumy Scheole, in Linniea, xxiii. (1860) 146. 

Oxytria texanuy Pollard, in Bull. Torr. Bot. Club, xxiv. (1897) 407. 

Texas and Louisiana, on prairies. 

3. SCHCENOLIRION ALBIFLORUM (Rafin.), COmb. DOV. 

8* Michmxuj Ohapm. FI. S. States (1860) 483. 

8, BllioUiiy Feay, ex A, Gray, in Amer. Nat. x. (1876) 427. 

Ornithogalum croceumy Elliott, Sketch, i. (1821) 397, non Michx. 

AmUostima atUfloray Hahn. FI. Tellur, ii. (1836) 26. 

Antherkum croceumy Baker, in Journ. Linn. Soc., Bot. xv. (1876) 297, non Schult. 
Oxytria aMfloray Pollard, in Bull. Torr. Bot. Club, xxiv. (1897) 406. 

Southern Georgia and Florida, in low pine lands. 

The genus SchcBnoliriony being one of tbe genera conservanda of the Vienna 
Congress, is retained. Otherwise it would be superseded by Rafinesque’s 
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niime Oxytria. There are only three apecies, S. eroceum and 5, alHJhrum 
ooonpyini; much the same limited range in the south-eastern States^ 'while 
S, temnwn U farther west but overlaps S. croceum in Louisiana* Tlte 
diflFerencos between these species may be regarded as typical specific 
differeaceb, the three species forming u rather compact group. S. croretm 
differs from the other two species in huving (1) bright yellow instead of 
white or greenish-white flowers, and (2) obtuse instead of acute or acuminate 
bracts. The other two species are differentiated as follows ^:— 


S, texanum* 

Leaves narrowly linear, 1-4 dm. long. 
Scapes as long as the leaves, simple below 
the inflorescence. 

Pedicels 8-14 mm. long. 

Peiianth greenish white, 1 cm broad. 
Segments oblong, obtuse, 8-nerved. 

Seeds 2 mm. long. 


8 alinflomm. 

Leaves narrowly linear, 4-6 dm. long. 
Scapes longer than the leaves, paniculately 
branched above. 

Pfdicels 10-26 mm long. 

Perianth white, 10-12 mm. broad. 
Segments broadly oblong or oval, obtuse, 
mostly 6-neived. 

Seeds 4 mm. long. 


S. albijlorum is thus a sturdier species with longer branching scapes, 
longer pedicels, somewhat larger flo'wers, and larger seedis. These differences 
suggest very much the contrasts between Qinothera Lamarvkimia and 
CE, gigasy and this is another pair of species 'w^hich may be suspected 
of tetraploidy or cell-gigantism. It is to be hoped that someone will make 
a cytological study of these three species. 

Anthericum Nuttallianum^ Schult., is supposed to differ from S» eroceum 
chiefly in having the basal portion of the raceme interrupted, with the pedicels 
about an inch apart. I have seen specimens having this feature. The form 
should be carefully studied in the field or from a large suite of specimens 
to determine whether it represents a distinct species. Its segregation by 
Schultes is probably to be attributed to the error of Micbaux in stating the 
inflorescence of his Phalangium crocevni to be pyramidal. 

In his S* Miehauxii^ Torrey really combined the three species of Schoenolirion 
into one. 


19. HA8TINGSIA, S. Wats. 

The western genus Haetingeia is a segregate from Schomoliriorij to which it 
is not, however, closely related. It contains two species as follows:— 

1. Hastingsia alba (Durand), Wats. 

JT alba, S. Wats, in Proc. Amet. Acad. xiv. (1879) 242. 

8ehmndtnm Bm'and, in Joum. Phila. Acad. ii. in. (1866) IGS. 

N. California and S. Oregon. 


* These characters are taken mostly from Small, II. B.E. Un. St. (1908) 268. 
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2. Hastingsia bracteosa, S. Wats, in Proc. Ainer. Acad. xx. (1885) 377. 

8. Oregon, in marshes near Waldo. 

Specimen ; Kerbyville, Ore., Howell^ 1884. 

H, bracteosa is said to differ from 77. alba in its longer leaves, more 
conspicuous bracts, flowers twice larger, and shorter stamens. Tlie last two 
characters are the only constant ones in the specimens I have seen. The two 
species are contrasted by Howell * as follows :— 


IL alba. 

Leaves 4-12 mm. wide, attenuate above. 

JElaceme densely many-flowered. 

Bracts narrow acuminate. 

Pedicels 2-4 mra. long, shorter than the 
bracts. 

Peiianth - segments about 0 mm. long, 
oblong, obtuse, white or tinged with 
green or pink. 

Stamens about equalling tbe perianth. 


H. bracteosa, 

Lea\e«< 2-8 mm. wide, acuminate above. 
Raceme loosely many-flowered. 

Bracts filiform-subulate from a broad base. 
Pedicels ascending, about 4 mm. long. 

l^erianth-segments 8-10 mm. long, lanceo¬ 
late, acuminate, dull white. 

Stamens half as long as perianth-segments. 


Thi? pair of species also requires a careful comparative examination. 
H. bracteosa is apparently very limited in range and may perhaps be a 
mutation of recent origin. 

The generic characters are very well marked. The neare^^t relatives 
of Hastingsia are Schenolirion and (Vdorogahtm, The (liflFerences from the 
former genus may be tabulated as follows :— 


Schcenolirion. 

Scapose herbs with bulb-like rootstocks. 

Leaves basal, often numerous. 

Leaves very narrow, flat, rather rigid. 

Flowers in loose, simple or sj)aringly 
branched raceme"j white or yellow. 

Perianth - segments withering-persistent, 
not scarious, 3 5-nerved, exceeding the 
stamens. 

Anthers versatile, introrsely dehiscing. 

Style short. 

Pedicels slender, exceeding the flowers and 
bracts. 

Capsule depressed globose, deeply lobed. 


Hastingsia. 

Perennial herbs witli scape-like sparingly 
branched .stems from coated bulbs. 

Leaves ba'^al, rather numerous. 

1 weaves narrow, flat, more fleshy. 

Flowers in densely many-flowered sparingly 
branched racemes, white or greenish. 

Perianth-segments lax and scarious, per¬ 
sistent, closely 3-nerved (appearing 
1-nerved), equalling the stamens. 

Anthers versatile. 

Style short. 

Pedicels stout, much shorter than the 
flowers and bracts. 

Capsule oblong-ovate, not deeply lobed, 
very shortly stipitate. 


Howell, T., in FI. N.W. Amer. (1902) 647. 
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Since Schxnolirion, Hastingda^ and Chlorogalum form n group of ^reo 
ftllied genera we may compare the last ta o as follows 


Maitingna. 

Bulbs ‘nrhite-coated. 

LeaTSs narrower. 

Penantb-segments lax and scarioua, closely 
3»nerved. 

Style short 

Flowers white or greehish, in densely 
many • dowered spanngly panicled 
racemes. 

Anthers versatile. 


Bulbs with membraaous or densely fibrous 
coats. 

Leaves with undulate margins. 

Perianth^segments at length twisted over 
the ovary, distinctly 8-nerved. 

Style long, deciduous. 

Flowers white, pinkish or purplish, in loose 
paniculate racemes. 

Anthers versatile. 


Of these three genera, Schcmolirion occupies the Southern States from 
Florida to Texas, w'hile Chlorogalum occnrs in the greater part of California, 
and Haatingda is found in Northern California and adjacent Oregon. It is 
difficult to trace the steps by which these genera have become separated. 
Ilaatingaia appears to be more closely related to Schcenolirion despite its 
western position. In sucb cases, as in those of bifurcated genera with 
eastern and western species, it seems necessary to assume that the ancestors 
originally occupied a more northerly position and that the eastern and 
western forms became separated as they were driven southwaid by the ice. 
In the central plains area, plants of this group failed to find suitable habitats, 
at least after the plains took on their present aspect, and so only eastern and 
western forms, variously modified, have persisted to the present time. 

Another monotypic genus,represented by Hemiphylama latifoliva^ S. Wats.*, 
in Northern Mexico, belongs with this group. Among its peculiarities the 
most interesting are (1) the tuberous loots, (2) the filaments adnate to the 
perianth-segments for half their length, (3) only the inner and shorter ones 
bearing anthers, which are versatile, rounded, introrse, and (4) the scarions 
1-nerved perianth-segments. 


20. CHLOEOGALUM, Eunth. 

1. Chlorogalum pombridianum (Ker), Knnth. 

C. pwmndiamim, Kuntb, Euum. iv. (1848) 082 

C. dtvartcatum, Kuntb, i c.; Terr. Bot. Mcx. Bound. (1859) 218, t. 00. 

S<nila pamendtanay DC. m Bedout€, LiL (1816) t. 421. 

AntAericum pomeridtantm, Kcr, in Bot^ ]^g (1821) t. 504. 

Phalangium p(merid%mvm^ 1). Don, in Sweet, Hort. Brit ed 1, 410 (1627). 
Ormthogalmn d^varioixtumf LindL Beg. xxviii. (1842) t. 28. 

Laothoa pomendxana, Bafin..FL TeUur. «i. (1836) 58, 

X. dtvancatay Ghreene, Leaflets Bot. Obi. i. (1904) 91. 

California, from Mendocino Cjb* southward to Ban Bernardino Co« 

♦ In Proe. Amer. Aoai. acriii. (1885) 164. 
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2. CniiOROGAHTM PARVIFLOKUM, S. Wats, in Proc. Amer. Acad. xiv. (1879) 

243. 

Lmthoe parviflomy Greene, Leaflets Bot. Obs. i. (1904) 91. 

S. California, San Diego Co. 

3. CHLOHOGALrM ANGUSTiFOLIUM, Kollogg, in Proc. Calif. Acad. ii. (1863) 

105, t. 30. 

Laothoe angmiifoltUy Greene, Leaflets Bot. Obs. i. (1904) 91. 

Middle Oalifornia, Sacramento Valley, and Mendocino Co. 

4. (/HLOIIOGALUM iM iiPi'UKrM, T. S. Bruiulegoe, in Zoe, iv. (1893) 159. 

Laothoe purpureuy Greene, Leaflets Bot. Obs. i. (1904) 91. 

California, f^oast Range, Monterey Co. southward. 

The geiius Chlovogaluat contains four species and is practically confined 
to (California. The following key, compiled by Mr. C. H. Thompson, shows 
the nature of the specific differences ;— 

A. Bulb large, thiclily coated with coarse blown fibres; perianth-segments narrowly 

ligulate, spreading widely from the base in tbe open flower. C. pomeridkmvm 
(Ker), Kuulh. 

B. Bulba smaller, with membranaceous coat; perianth-segments spreading from above 

the base. 

a Perianth-segments oblong-ovate ; pedicels as long as or longer than the perianth ; 

flowers purplish blue. (\ jnitpureumy T. S. Brandegeo. 
b. Perianth-segments oblong-lanceolate; pedicels very short. 

a. Flowers pinkish ; ovary broad and obtuse. C. parvifiorum^ S. Wats. 

/it. Flowers white with yellowish-green lines; ovary oblong-ovate, acutish above, 
short stipitate. C. angmtifoliumy Kellogg. 

In ( 7 . pomeridianum the brandies are spreading, the stems dark brown, and 
the leaves remarkably undulate. (\ angvstifolium difTers in having narrow 
linear-lanceolate leaves, slightly undulate, and a bulb which is ovo-conic 
rather than long-ovate. 

(\ pomeridianum and C. ayigustifolium apparently have much the same 
range in central California, the latter occurring chiefly farther inland in the 
Sacramento Valley, while the former extends farther northward into Oregon. 
The other species are more local in distribution and probably more recent in 
origin, as they arc in dis^‘overy. (7. parvijlorum occui s in the extreme south, 
in San Diego t^o., and C. purpnveum in the Coast range of Monterey Co. 

This would be an interesting genus for experiments in cultivation, but 
until such are instituted it is superfluous to comment further on the specific 
differences exhibited, except to say that there is an unusual range of colour 
variation for so small a genus. 

21, ODONTOSTOMUM, Torr. 

A monotypic genus of western North America. 

OdONTOSTOMUM Habtwegii, Torr. in Pacif. R. K. Rep. iv, (1856) 150, t. 24j 
Baker, in Journ. Linn, Soc., Bot. xi. (1870) 436. 


MKN. JOUEK.—BOTAKY, VOL. XLIV. 


P 



A GBNBTIO STUBY Of ifOETO JOimiCAS UftAmUAO&M. 


In California, from Bhasta Co. to Hapa and Amador Co«, ohie6y in tlie 
Sacramento Valley, Said to be rare. 

Specimens: Near Napa, Calif., W. Eobimon, 1892, Bedding, Bbaitta 
Co., California, A* A, Heller^ May 26, 1905. 

Odontpstomum^ while most nearly related to the group of (fhlorogalese, is 
rather isolated, especially in flower-structure, though the foliage and habit 
clearly resemble that group. Of the three genera it is pearest Chlaroffahm. 
The flowers are small and yellowish and the base of the stem foi ms a fibrous-* 
coated conn. The deciduous perianth of Odontostomum in the form of a 
cylindrical 12-nerved tube, bearing in salver-torm and finally reflexed the 
5-nerved segments, is a new feature in this group. Ooi experience of 
mutations is as yet too limited to permit an understanding of the way 
in which the development of this organ took place. The perianth-segments 
aie obtuse and the three outer ones cucullate at the tip. 

Another striking peculiarity is in the stamens. There are 6 stamens with 
subglobose anthers at the summit of short filaments, and alternating with 
them are 6 staminodia, the whole torming a ring at the top ot the perianth- 
tube*. In this feature Odontostomum bears some resemblance to the 
Mexican Hemiphylacus^ though in the latter there are only 3 stamens and 
3 (longer) staminodia. Evidently several definite \arjations occurred to 
produce the Odontostomum flower, but what their sequence h«is been it is 
impossible to say. In connection with the btamens there has evidently been 
a loss mutation in liemiphyla(u$ (set* p 170), while there must have been a 
positive mutation in Odontostomum. 

The fact of parallel mutations introduces an important piinciple into 
conceptions of phylogeny. Thus Chlorogalum and its relatives have versatile 
anthers, but it is not necessary to assume that this teature has been handed 
down from a common ancestor of Chlorogalum*A\n\ Lihmn. It is much more 
probable that the versatile condition has been developed independently in the 
Ohlorogalese and the Lilieee through parallel mutations. 

KEY TO MA1^ PLATE 5 

GhKBEA OF Melanthacece 

1. Tofieldia. 2. Tnaatlia. 8. Pleea. 4. Nartliecium. 5. Xexoph}'llam 0. Heloxuaa. 

7. OhamaBhnum. 8. Amiauthium, 9. Scbouiiocaulou. 10. Stenanthium. 
11. Stauanthelia. 12. Zigadenos. IS. Antieba. 14. Toxieo*40ordioii. 15. Ooeanorua. 
1(5* Meianthium. 17. Verstrum* 16. Schcsuolnion. 19, Hastingsia. 20. Chloro- 
gaium* Odoutostoititixn* 


* According to Jepson [m FI. W, Mid. Oalif (1901) 114], the staoien opposite the lower 
outer segment stands alone and faces the remaining 5, which appioxixnate each other by 
their fikments on the uppei side of the flower/' 
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Spolia Runiana. —III. The Distribution o£ certain Diatoms and Oopepoda, 
throughout the year, in the Irish Sea. By W. A. Herdman, F.R S., 
F.L.S., Professor of Zoology in the University of Liverpool. 

(With 21 Text-figures.) 

[Read 1st November, 1917.] 

Part of the work^ of the yacht ‘Runa^ for some years previous to 1914 
consisted in taking periodic samples of the marine plankton at various 
localities around Port Erin, at the ^outh end of the Jsle of Man, during the 
two most interesting times in the annual e^cle—viz., spring (March-A^ril) 
and autumn (July-Septemher). During the remaining months, when the 
yacht was not in commission, plankton gatherings in Port Erin bay were 
taken with great regularity at the rate of six in the week, three at a time on 
two occasions per week, two of the three hauls being horizontal and the 
third verlicjil. This systematic plankton survey has been continued for fully 
10 years (1907-1(117 inclusive), and over 5000 f samples have been eollectetl 
and examined. The general results of this intensive .^tudy of the plankton of 
a central area of the Irish Sea have been given in a series of reports J drawn 
up in collaboration with Mr. Andrew Scott, A.L.S., and others, and published 
by the Lancashire and Western Sea-Fisheries (^ommittee; but the material 
and statistics collected still contain much information which has not yet 
been made use of. It is proposed in the present communication § to deal 
with the records of the occurrence throughout the year in our district of a 
few of the most abundant of the Diatoms and the ((opepoda which make up 
the bulk of the phytoplankton and of the zooplankton respectively at those 
periods of the year when they are most abundant. At the time of the 
spring maximum (usually in April or May) a small silk tow-net hauled for 
about 15 minutes through about half-a-mile of the surface water of the Irish 
Sea will usually catch some millions of individual Diatoms (up to a couple of 
hundred millions || on occasions), constituting probably, on the average, some 
999,999 out of each million of organisms in the gathering If. This is almost 

• For Parts T. and II. of “Spolia Runiana” see Journ. Linn. Soc., Zool. xxxii. p, 163 
(1918), and p. 269 (1914). 

t More precisely 5116, to the end of 1916. 

X Trans. Biol. Soc. Liverpool, xxii. (BX)rt) to xxxi. (1917). 

§ 1 wish to acknowledge, with thanks, the help I have received in the preparation of 
these plankton records from Mr, Andrew Scott, A.L.S., and frona my secretary, Miss 
H. M. Lewis, B,A. Mr. Scott took for me the excellent photo-micrographs of the plankton 
from which most of the illustrations have been reproduced. 

II Estimated by counting measured sampler. 

^ The average of a number of cases where smaller, but still very large, hauls of Diatoms 
were iaken is—Diatomsaaabout 99 per cent, of the total organisms present. 

liiNN. JOURN.—BOTANY, VOL. XLIV. Q 
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a pure sz'mple of Diatoms~a monotonic phytoplankton.^^ Similarly, when 
the zooplankton is at its height in late summer (usually September) the sanie 
net may contain almost a pure gathering of Copopoda numbering some tens 
to hundreds of thousands of individuals (up to 214,000), and making up 
perhaps 999 out of every thousand organisms present—a ‘‘monotonio 
zooplankton/’ But we may still regard the gathering as a zooplankton if 
over 50 per cent, of the organisms are animals—on account of their greater 
bulk. 

Moreover, these very abundant Diatoms and Copepoda belong in each case 
to very few species, so that one can select about half-a-dozen species of 
(^opepoda which constitute by far the greater part of the summer zooplankton, 
and about the same number of Diatoms which similarly make up the bulk 
of the spring phytoplankton. These few species, belonging to these two 
very widely separated groups, thus come to be the most significant organisms 



Fig. 1.—‘‘Ilensen/* ''Nansen,” Funnel” and other plankton nets 
drying aftei use on the yacht 

in relation to the annual metabolic cycle of our seas and the food-snpply 
from our coastal fisheries. Consequently it is of both scientific and economic 
importance to obtain such data as seem possible from our long series of 
observations, extending over a decade, as to the occurrence of these dominant 
factors in the plankton. No doubt there are exceptional yeais with unusual 
occurrences which will have a disturbing effect, but the ten or eleven years’ 
results ought to give us an average of some value. 

We have endeavoured, in our work from the yacht, as the result of many 
experiments, to make use of a standard net in a constant manner so that the 
hauls should be approximately comparable. Our two horizontal tow-nets of 
fine-meshed miller’s silk (No. 20 and No* 9) measure 35 cm. (about 14 inches) 
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in diameter at the mouth, and are in our weekly gatherings tliroughout the 
year hauled through a definite course in the open water of Port Erin bay. 
The two together coarse^’ and “fine” nets) constitute a “standard haul/’ 
Tlie gatherings taken outside the bay tinring the periods of the vernal and 
autumnal plankton maxima were made with the same nets as in the bay, at 
fixed “stations” respectively three and five (and on a few occasions ten) 
miles from land *. 

In addition to these standard hauls many others were taken with special 
nets, such as the closing “ Petersen-Hensen ” and “Nansen,” the “shear- 
net” and “funnel-nets,” usually at depths of 5 to 30 fathoms, and on occasions 
down to 60 fathoms out in the deep central valley between the Isle of Man 



Fio. 2.—Typical Irish Sea plankton curves for the years 1913 (dotted line) 
and 1914 (whole line). 

and Ireland. Figure 1 gives a general view of the various nets used on one 
of our plankton cruises. Temperatures, surface and deeper, weather observa¬ 
tions and water-samples were also taken systematically f. 

The plankton gatherings when taken are at once treated with formol to 
kill and fix the organisms and prevent further changes. They are then 
placed (at the Port Erin Biological Station) in graduated cylinders, and 
after some hours, when the material has fallen to the bottom and the suj)er- 
jacent fluid is clear, the quantity of plankton in cubic centimetres is 
recorded. The fixed plankton is then concentrated and {>reserved in 

» Determined by cross-bearings, and by distance run calculated from the engines. 

t For further particulars as to methods, see the earlier reports published by the I^anca* 
shire and Western Sea-Fisheries Committee. 
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5 per cent, formol, and is re-measnred it may be weeks later when 
submitted to detailed examinationi It is this last more accurate measure¬ 
ment that has been made use of for calculations apd curves. The 
first estimation of the Tolume is only taken in case some accident happens 
later ; but we have been very fortunate in that respect; we have only lost 
about 10 gatherings in the 10 years out of over 5000 samples. Figure 2 
shows typical plankton curves for the years 1913 (dotted line) and 1914, 
taken from the recorded monthly averages of the plankton hauls. As an 
example of the height to which individual hauls may rise in spring, I may 
quote from our records of this year that on April 18th, 1917, the standard haul 
measured 165 c.c., and on April 19th 150 c.c., and consisted mainly of 
Ch(Ptoceras, 

Our confidence that these samples are adequate and representative receives 
support from the fact that the same organisms are recorded in much the 
same quantities year after year, and that practically no new forms turn up. 
Mr. Andrew Scott, A.L.S., who has made a detailed microscopic examination 
of nil the material for the purpose of determining the species, has met with 
none new to science. Some rare species previously unknown in British 
seas, such as the Norwegian Oopepod Microcalanus pusillus^ Sars, which 
appeared first in our deeper nets in the summer of 1907, fl^nd the Indo-Pacific 
Diatom Biddulphia sinensis^ Grev., have occurred ; but throughout the series 
of over* 5000 gatherings, extending over nearly every week of 10 years, 
no species actually new to science has been determined from the macro¬ 
plankton. The various new Copepoda w'hich have been described from time 
to time from our work at Port Erin have all been bottom-living forms 
obtained by dredging. This is, so far, a satisfactory result of our work, as 
it seems to indicate that probably all the pelagic species of Copepoda in our 
sea are now known. It is not the rare species that are of most interest. 
They may have an interest of their own—morphological or distributional— 
})ut for my present purpose it is the common species that are of most import¬ 
ance, those species which by their abundance in nature play their part in 
providing fish-food for man or in affecting the public health eitW by 
keeping the sea clean or by causing plagues. 

For the purpose then of arriving at some conclusion as to the distribution 
throughout the year of these really significant organisms, 1 have picked out 
from our records the following six species of Copepoda as being undoubtedly 
the most abundant and economically the most important representatives of 
that section of the plankton helgolandioa similis)^ Pseudo^ 

calanus elongatus^ Acartia clausif Temora longicomis^ Paracalanus parvun^ and 
Calanns jinmarvhicus. These are all cases of genera where there is only one 
species in our seas (e. g., Calanus) ot only one common s[)ecies (e« g., 
so that we are dealing with half-a-doEen very distinct forms, and there can 
be no doubt as to wbat is in question even if the genus only is referred to. 
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When we turn to the Diatoms the case is rather different. There several 
of the more prominent i>enera are represented by a number of eominon 
species, and moreover some of the species are closely related, and variable, 
so that doubts may arise as to the exact identifications, and authorities may 
differ as to the relative proportions in which certain speci(‘s or varieties of, 
sa 3 % C/iretoceras or Biddulphia are present in the plankton. Under these 
circumstances I have considered it will best serve my purpose, which i» a 
general and economic rather than a detailed speciographic one, if I deal with 
generic titles only, grouping together for example all the species of 
Cimtoctras that may occur under that one name. I have chosen the following 
genera as being the most important representatives of the Diatoms in our 
plankton ;— JHddidphia^ Chcrtoceras, (\)scmodiscn$y Bhlzosoleiiia^ Thalassio^ 
iira^ Oidnardla^ Laifderia. In some of these genera (e.g., (iuinardia 
and Lauderia) as in the case of the Oopepoda there is only one ])os»sible 
species in question, in /Jiddfdjdda it is in most cases onl}" the sp(»(*ie.s mo/d- 
lietisis^ but in others (e, g., (Iluvtoreras, Coschiodiscus, and Rldzosolevui) ibore 
are usually several allied species occurring together in profusion in any largo 
gathering of the genus. 

I may add that our commonest species in the Irish Sea off Port Erin are 
not necessarily those that are most abundant in other seas of North-West 
Europe. For example, in the Baltic near Kiel, according to Lobmann, the 
most abundant Diatom is Skeltdortema vostatum^ a comparatively rare form in 
our plankton, and George Murray similarly found that to be the commonest 
form bo had met with in a plankton survey of some of the more sheltered 
lochs of the West of Scotland. It is, however, one of the minuter forms 
which reailily escapes notice, and may to a considerable extent pass through 
the meshes of the net. 

Then again, in July 1911, in Upper Loch Torridon, on the WVst (Joast of 
(Scotland, I got a haul of 334,000,000 Nitzsclda delicalissima, which is rare 
with us in the Irish Sea, but is apparently more abundant at Plymouth. 

I think it probable, however, that our Port Erin results will be found to hold 
good for the more open sea-water of high salinity * around the British Isles. A 
valuable paper which appeared recently on the Plankton of IMymoiith Sound, 
by Dr. Mario V. Lebour t, while dealing mainly with the more minute 
Protozoa and Protopliyta which escape the tow-net and can only be obtained 
by centrifuging samples of water, gave also some records of the occurrence 
of some of the larger forms which enables a comparison to be made between 
the plankton conditions in the English Channel and in the northern part of 
the Irish Sea. 

♦ The ialinity off Port Erin averages about 34*5 per mille. Its range for April, May, and 
June in the year when we took the most complete series of observations is from 34-02 to 
34*4 per mille. 

+ Joum. Mar. Biol. Assoc, vol. xi. 2 (1917), p. 333. 
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There are certain differences in detail. For example, the total Diatom 
curve at Plymouth has three maxima or crests, in April, August, and October. 
At Port Erin the curve has only two crests, a much greater maximum in 
spring and a variable and smaller one in autumn, while Diatoms are usually 
wholly absent in August, 

On the other hand, there is a general agreement in regard to the distribution 
throughout the year of many o£ the more abundant organisms. For example, 
amongst Diatoms Cosdnodiscvs is a winter and early spring form, Biddulphia 
flourishes throughout the winter from November to April or May, JRhizosolenia 
is a summer form having its maximum in June, while Chcetoceras and 
Laiuieria have two maxima, the one in spring and the other in autumn, in the 
English Channel and the Irish Sea alike. Amongst Copepoda there seems 
to be a general agreement along with a certain amount of difference in detail 
which will be referred to below when discussing the species. 

1 may recall that in November 1910 I read a paper before this Society * 
in which I made a comparison between the summer (July) plankton on the 
West Coast of Scotland and that of the Irish Sea, showing that in some of 
the deep fjord-like highland sea-loohs green-coloured phytoplankton can be 
obtained even in the height of summer, while a zooplankton may be found 
living in abundance a few miles away. This, of course, would be impossible 
in the Irish Sea, where a zooplankton and a phytoplankton do not occur 
simultaneously. 


DIATOMS. 

The seven generic forms I have selected for consideration taken together 
make up nearly the whole of the Diatom plankton of the year. No other 
genus occurs in anything like such profusion as these. In April, for example, 
when the Diatoms are usually at their climax, all the remaining genera 
(at most 10 or 12) taken together make up only about one-thousandth, or less, 
of the whole. Moreover, these common Diatoms often attain their greatest 
profusion successively, not simultaneously, so that single genera, or it may 
be single species of a genus, make up on occasions the bulk of the phyto¬ 
plankton. For example, in May 1916 the month’s average haul of Diatoms 
was 7,171,789, while the average for the genus Chcvtoceras taken alone was 
6,947,333, leaving only 224,456 as the average of all the rest of the Diatoms. 
On the last two individual hauls, taken on May 25th and 29th, the actual 
numbers were as follows:— 

Chvtoceras alone . 24,094,500 ... 19,461,600 

C, sociale alone ... ... 23,936,000 ... 19,396,000 

All other Diatoms together... 166,300 .., 228,900 

So that on these occasions, and they are examples of many, one species makes 
up nearly the whole of the plankton. 

^ Jouro. 'Linn. Soc., Zook xxxii. (1913) p. 23. 
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The maximum on the Diatom curve ranges from March to May. In 1907 
it was in March, in 1908 in May, and in 1909 in April. In some years the 
Diatom maximum may be divided into two parts, an earlier due mainly to 
Cluptoceras and Thalassumra^ and a later in June due to Khizosolenia and 
GuinarcUa. A common order of succession for the species whicli contribute 
most largely to the Diatom maxima is— BulduJpliia mohiliensh and 
Coscinoifiscvs radiatus in early Aprils Chivtocemn debile in late April, 
Cfuetoceras soeiale in May, Clurtoceraii teres and Rhizosolenta Shruhsolei in 
early June, and IRiizosoletiia (^evernl species) and Giniiardia in later June. 
The autumn Diatom maximum is constituted mainly in the Irish Sea by 
Ckwtoceras subtile and lihizosoleaia semispina* Certain species of most of the 
genera we are dealing wirli arc commonly regarded as oceanic” in the 
sense that they are characteristic of the open sea, although thc}^ may 
occasionally bo carried in shore and so form a part of the coastal plankton ; 
while other specie^ are neritic,” having their origin and their home in 
coastal waters and not being found normally in the open ocean. For 
example, Chcetoceras densinny €• horealey Coscinodiscus radiatus^ and Rhizoso- 
leiiia semispina are Mupposod to be oceanic; while Diddnlphia mohilienstSy 
ChcBtocei'as subtile (and other species), Coscinodiscus coucinmiSy Rhizosolenta 
setigeray and Lauderia borealis are probably neritic. Other species of these 
genera arc of doubtful position in this classification, or it may be are 
“ panthalassic ” or equally at home in both regions. 

Biddulphia. 

This is a winter and early sj>ring group of Diatoms, generally appearing 
in September or October, becoming more abundant in November and 
reaching a maximum in March or April. It dies off during May, and is 
practically absent in June, July, and August. 

The species, or forms, that occur in our plankton are Biddulphia mohiliensis 
(? B. regia) and B, sinensis (fig. 3). This is one of the cases where there is 
some difference of opinion as to the validity of species. Whether B, regior 
is only a form of B, mobiliensisy and what is the exact relation of JS. sinensis 
to the others, has been and may still be a matter of discussion. Specimens 
can be picked out that seem distinct and characteristic, but others occur in 
nature that are intermediate and possibly abnormal *. 

J5. sinensis is an exotic, oceanic form which, according to Ostenfeld, made 
its appearance at the mouth of the Elbe in 1893, and spread during successive 
years in several directions. It appeared suddenly in our plankton gatherings 
at Port Brin in November 1909, and has been present in abundance each 
year since. Ostenfeld, in 1908, when tracing its spread in the North Sea, 
predicted that it would soon be found in the English Channel. Miss Lebour, 
who has recently examined the old plankton gatherings at the Plymouth 

* See farms figured in Trans. Biol. Soc. Liverpool, xxvii. (1913) p. 210, 
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Laboratory, finds that as a matter of fact this form did appear in abundance 
in the collections of October 1909, within a month of the time when 
according to our records it reached Port Erin. Whether or not this species 
was brought accidentally by a ship from the far East, there is no doubt that 
it wa«5 not present in our Irish Sea plankton gatherings previous to 1909, 
but has been abundant since that year, and has completely adopted the 
habits of its English relations—appearing with jB. mobilienm in late autumn, 



Pig 3 —Photo-micrograpb of a plankton preparation showing {a) Btfidulphta 
mohihmm^ forma ‘‘ regta,' and {b) B sinemis 

persisting during the winter, reaching a maximum in spring, and dying out 
before summer, Biddulphia is generally the first Diatom to show a marked 
increase in early spring, and is responsible lor the moderate rise in the curve 
which takes place in February or March, 

Our largest records of BuldulpMa are as follows ;— 

•From three hundred thousand to over six hundred thousand per haul on 
several occasions beiween middle of March and middle of April in 1910 and 
1911, and towards end of April and beginning of May, 1916. 

From three hundred thousand to over seven hundred and fifty thousand on 
ten occasions between November 10th and 27th, 1911, 1914, and 1915. 

The highest monthly averages in the early spring months occur as 
follows:— 

Febiuary in 1907 and 1912. 

March .. in 1910, 1911, 1914, and 1915. 

April . in 1908, 1909, 1913, and 1916. 

A second, usually slighter, maximum occurs in November, when the 
numbers are higher than in December and January ; but on three occasions 
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(1911, 1914, and 1915) in our ten ^eais the Novoinher monthly average is 
the highest in its year. Moreover, two of these November rccoids, viz., 
341,2*U in 1911 and 406,100 in 1914, aie the liiohost in the w^hole series. 
So Jiiddulphia may be regarded as charactei istie ot the late autumn 
(November) as well as the early spring plankton. 

OOSCINODISCUS. 

The more abundant species that our records deal with are Coscinodiscus 
concinnus^ C, (rrant^ and C, radiafiis. They are mainly winter and spring 
forms, the maximum of the genus ocenriing alwa\s in our experience in 
either March or April. Cosci nod tineas (fig. 1) agiees ver> closely with 
liiddulphia in its distiibution throughout the yeai, beginning in late autumn, 
maintaining its position throughout the winter, increasing in Januar} or 



Fro 4,—rhoto-inkioginph of an tally spiin^ ]»h}f(>plHukton 
consisting mainly of Cosimodiscub and Bxddulphia 


February, and then more rapidly in March and April, and dying away before 
the height of the summer; hut it sometimes continues to be ])re&ent in small 
quantities further into the summer months than is tin* case with Biddulphia. 

The [iresence of Cosc/nodiscus in qnantit\ in the spiing plankton is easily 
seen through a glass jar wiili the unaided eye, as the little rounded drum¬ 
like calls give a characteristic granular ajipearance to the gathering. 

Our largest records of Coscinodisetts are ;— 

From four to five hundred thousand per haul on several occasions 
between middle of March and middle of April, 1911, 1912, 1913, 1915, 
and 1916. 

About nine hundred thousand on several occasions at end of April 1914. 

From one million to close on five millions on two occasions in middle of 
April 1915. 

So CoscinoUscus may outrival its companion form Biddulphia at the time 
of the vernal maximum, but does not attain to such high numbers in late 
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aatumn. The October and November monthly averages never, in onr series 
o£ years, come anywhere near the averages for March and April. 

HoXhBiddulphia and Coscinodiscus seem to be slightly later in their maxima 
in the Irish Soa than in the English Channel, judging from the Plymouth 
records. 

In the years 1907 to 1912, inclusive, the highest monthly averages (March 
and April) for Coscinodiscvs run in general about 100,000. In 1913 and 
1916 they are close on 200,000, in 1914 over 300,000, and in 1915 there is a 
sudden jump, in April, to over 840,000. The other months of that year do not 
show unusually high numbers. 

Ch^ictoceras. 

The chief species of this genus in our Irish Sea plankton are Chcetoeeras 
horeale^ C. contortum^ C. criophiliim^ dehile^ C. decipiens (fig. 6), C, densuin^ 



pxG. 6 ,—Curves of the more important Diatoms of the April and June maxima. 

C, diadema^ C. sociale^ and C. teres. Of these, C. boreale^ C. criophilum^ and 
C. decipiens are Arctic oceanic forms, C. densum is a temperate oceanic or 
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Atlantic species, and all the rest may be classified as temperate neritic. 
Some of these (C»’criophilum^ C, debile^ C. decipietis, C. sociale, and C» teres) 
are spring forms with a maximum in April or May, while C, boreale and 
C, derisurn are autumn species having their maxima in September or 
October. Consequently the genus is well represented throughout a con¬ 
siderable part of the year, and the numbers are very high in April and May, 
and sometimes also in September and October (see curve, fig. 5). 
A few of our highest records for the genus, giving the nearest million 
in each case, are :—151 millions on May 4th, 1914, 95 millions on April 29th, 
1912, 68 millions on May 16th, 1911, 49 millions on April 22nd, 1910, and 
44 millions on May 19th, 1911. The highest record we have for the autumn 
species is 30 millions on September 26th, 1912. On May 16fch, 1911, 
C. debile contributed 30 millions and C. sociale 12 millions to the total in the 
haul ; and on May 4th, 1914, C, debile gave 148 out of the 151 millions 



P^iG. 6.— Chatoceras decipiensj sliowiDg the active winter growth. 

From u photo-micrograph by A. Scott. 

present. If we examine the records of the separate species for the year 1914 
as an example, we find that C, contortvm has an average of 62,700 per haul in 
May, C. debile an average of 867,878 in April and 18,972,800 in May (the 
record), C, decipiens an average of 821,311 in Aj)ril and 321,050 in May, 
r. sociale an average of 1,229,500 in May, C. teres an average of 577,867 in 
April ; while of the autumn species C. boreale lias an average of 53,200 in 
September and 54,644 in October, and C. densum has 151,120 in Soptembei 
and 100,624 in October. C. debile and C. decipiens were also very abundant 
that October. 

The highest monthly averages for Chcetoeeras fall as follows during 
ten years:— 

March ... in 1907. 

April ... in 1909, 1910, and 1912. 

May ... in 1908, 1911, 1913, 1914, 1915, and 1916. 


our 
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ThB highest average is nearly 23 millions, in May 1911. None of the 
September and October averages run as high as those in spring, and only two 
reach millions, viz., 3,956,047 in October 1911, and 7,702,658 in September 
1912. The years 1911 and 1912 had high numbers of Chcetocems throughout 
many of the months There are no months in the ten years when Chdstoeeras 
was totally unrepresented ; but July and August show the lowest averages— 
the lowest of all being only six individual cells in August 1907. 

Laudebia. 

We have only the one species, Lauderia borealis, Gran (fig. 7), in our 
records. It is a late spring or early summer form, occurring generally from 
March or Aj)ril to June or July, with a later, smaller, occurrence in autumn. 
It is sometimes present in large quantities, e. g,, 20,064,000 on April 22nd, 
1910 ; 12J millions on April 29th, 1912 ; 3,600,000 on May 4th, 1914. 
The maximum is towards the end of April or beginning of May, when 
Lauderia helps, along with Chcetoceras^ to form the main crest on the vernal 
Diatom curve (see fig. 5). 



Fio. 7.—Photo-micrograph showing a chain of Lauderia borealis, 

Thalabsiosira. 

Tlie only species of this genus that are of any importance in our recoids 
are T, gravida, deve, and T, Nordenshioldi, Oleve (fig. 8). Apparently 
T. gravida the only one common at Plymouth, but 1\ Nordenskioldi, along 
with Chvfoceras contortnm and €• dehile, helped lo con'^titute the vernal 
maximum at Port Erin in 1907, and has been still more abundant on several 
occasions since. T. Aordenskioldi is in the main a neritic, arctic or 
Scandinavian species, and probably its occasional occurrences in quantity 
are to be regarded as invasions of some arctic ^^ater and northern plankton 
into our British seas. In April 1917, it was abundant at Port Erin along 
with Chadoceras teres, C, dehile, and C, decipierts. 

All our high records (over a million per haul) for Thalassiosira lie between 
late in April and late in May, and the two highest are six millions on April 
29th, 1912, and six and a half millions on May 16th, 1913. Other high 

The laigest hauls of Diatoms as a whole, all species taken together, were in May of 
1912 and 1913 (see TaHe on p. 188). 
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records hare occurred during these same months, in 1910, 1911, 1912, 1913, 
1914, 1915, and 1916. 

The highest monthly averages for Tlialaaaiosira are 721,000 in April 
1912, 898,000 in May 1913, and 976,000 in May 1915. The genus is 
totally absent from our records throughout the ten years in December, 



Fio. 8.—Photo-micrograph of a phytoplankton consisting mainly 
of Thalamoatra Nordenshioldi, 

January, and February, and again in July and August, and is very poorly 
represented in several other months. In fact, it is only really abundant in 
April and May and not always then. In this distribution over the months 
of the decade this genus forms a marked contrast w itli ChtHoceras^ which is 
so constantly present. 

Rhizosolenia. 

The species tliat occur most abundantly in our records are Rhizosolenia 
semispina^ li. Shruhsolei, R. Stolterfothi and, less abundantly, /?. seiigera and 
R. alata (rarely). The two last named are temperate Atlanlic forms, and 
R, semispina is a typically arctic oceanic species. 

They are all summer or autumn species, the genus being often quite 
unrepresented in certain of the winter months. It usually begins to appear 
in the nets in February and reaches its maximum in June. The numbers 
are sometimes enormous, giving the water in a glass jar a characteristic silky 
or fibrous appearance and causing the June crest that is usually present as a 
distinct elevation on the Diatom curve (see fig. 5, p. 182). 

The most abundant species in the Irish Sea is Rhizosolenia Shruhsolei —at 
Plymouth it is R. Stolterfothi ; but R, semispina (fig. 9) is sometimes present 
in abundance at Port Erin in autumn, causing a second crest or maximum in 
September or October. In September 1907, thirteen millions and sixteen 
millions of this species were taken in two hauls of the surface-net at Station 
III. (three miles off Port Erin), while the following year, at the same time 
locality, it was almost absent, 
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We have had much larger numbers, of It. Shrvl>$olei, in June; and amongst 
our largest records of the genus taken as a whole are184 millions on 
May 30th, 173 millions on June 3rd, 59 millions on June 8th, 43 millions on 
Jane 13th, all in 1912, and 17 millions on June 21st, 1915. 



Fig 9 —Photo-micrograph of a phjtoplankton consisting mainly 
of lt?dzo8olenia semi^na» 


The highest monthly average is in June in all of our years except 1907 when 
it was in May, and 1913 and 1916 when it was in July. The greatest average 
recorded is over 40 millions in June 1912. 

The autumn records are very irregular and sometimes show no rise 
whatever. Even when present it is slight compared with the June maximum 
(see fig. 5, p. 182). The highest monthly average in autumn is 117,122, in 
September 1912. 


Guinardia. 

Only the one species, Guinardia flacciday occurs in our records 
(tig. 10). It is a summer form occurring mainly between April and July, 
with the maximum almost invariably in June. Our largest records are 
22,800,000 on June 3rd, 1912; 18,000,000 on May 30th, 1912 ; and 
8,773,000 on June 11th, 1910. We have several records of over 7,000,000 
early in June, one of over two millions on July 8th, 1913, and one of over 
a million as lute as July 16th, 1916. 

Guinardia, when present, makes up along with Rhizosolmia the June 
elevation, which is sometimes so marked towards the end of the vernal 
Diatom maximum. This last summer (1917) it was unusually late, showing 
a maximum of five millions on 23rd July, along with one million of 
Rhizosolenia. 

The highest monthly averages are all in June with the exception of 1916, 
when it was in July. The greatest recorded average is close on six millions 
for June 1912, The lesser, secondary, increase in autumn has its highest 
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point in September—the greatest recorded monthl}^ average being 10,967 for 
September 1912. It is interesting to notice that according to Pavillard 
Guiitardia Jlaccida is abundant in the Gulf of Lyons as late as October. 



Fig. 10 .—Guinardia Jlciccida^ from a photo-micrograph by A. Scott. 

Table 


showing the monthly averages of the selected Diatoms throughout a year. 


1912. 

Biddtdphia. 

Chcf'foceras. 

Coscino^ 

disms. 

Rhizosolenia, 

Thalassi- 

osira. 

Guinardia. 

Lauderia. 

.Tan. 

24,920 

7,342 

9,877 

22 

0 

257 

189 

Feb. .. 

36,885 

10,301 

10,034 

12 

0 

105 

0 

Mar. .. 

21,176 

3,977,292 

96,446 

525 

25 

162 

337 

Apr. .. 

21,869 

18,365,750 100,619 

36,464 

721,338 

3,158 

1,622,478 

May .. 

1,072 

2,844,861 

14,586 

22,008,744 

41,033 

2,789,433 

170,878 

June .. 

' 0 

67,543 

0 

' 40,833,771 

0 

5,910,429 

0 

July .. 

0 

39,027 

66 

1,228 

! 0 

168 

0 

Aug. .. 

31 

694,961 

0 

13 

1 ^ 

0 

0 

Sept. .. 

4,131 

7,702,658 

1,677 

117,122 

1 3,978 

10,967 

8,944 

Oct. 

5,827 

214,421 

11,914 

820 

57 

2,176 

29 

Nov. .. 

25,714 

9,476 

6,486 

0 i 

0 

21 

0 

Dec. .. 

8,059 

1,106 

1,673 

^ 1 

0 

141 

0 * 

! ! 


The above table shows very clearly how these important genera reach 
their maxima at different times, and how, for example, Chvetoceras in spring 
(April) gives place to Rhizosolenia and Guinardia in early summer 
(May and June). Curves can be drawn mentally from a glance at 
the columns of figures which will demonstrate the waxing and waning of 
the several types. 
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The following table showing the largest hauls of total Diatoms and 
of total Copepoda in each of the ten years brings out well how greatly the 
Diatoms outnumber the Copepoda—in some cases in the proportion of about 
a thousand to one. 



Diatoms. 

■ 

Oopepoda, 

Largest haul. 

Date. 

Largest haul. 

Date. 

1907 .... 

698,350 

April 6th 

28,900 

Aug. 17 th 

1908 .... 

5,746,300 

May 28th 

68,015 

Sept 14th 

1909 .... 

10,358,300 

April 22nd 

71,010 

Oct. 18th 

1910 ... 

70,128,400 

April 22nd 

] 19,660 

Sept. 19th 

1911 _ 

69,982,500 

May 16th 

248,046 

July 18th 

1912 .... 

202,993,000 

May JlOth 

223,789* 

May 20th 

1913 .... 

206,814,700 ' 

May 16th 

118,600 

July 2l8t 

1914 .... 

166,288,000 

May 4th 

217,671 

Nov. 9th 

1915 .... 

18,893,300 

June 15th 

! 117,810 

Aug. 2nd 

1916 ....| 

24,260,800 

May 25th 

I 118,624 

Sept. 25th 

1917 ... 1 

04,839,250 

May 3rd 

1 147,700 

July 19th 


The relatively high records for Diatoms in 3912 and 1913 are due in the 
former case to the usual June maximum of Rhizosolema and Gtnnardia^ and 
in the latter case to a quit© exceptional invasion of Astenonella japonica — 
the only occasion in our records when this genus lias been abundant in the 
Irish Sea. We regard it as quite a rare form here. It is exceedingly 
abundant to the south of Iceland (Ove Paulsen) and also in the Gulf of Lyons 
(Pavillard). 


COPEPODA. 

The following table shows the total numbers recorded of our six important 
species of Copepoda in the years 1909 and 1910 ;— 



1010. 

1909. 

Oitkona helgolandica 

872,078 

465,066 

Pseijfdocalanvs elongatus 

308,326 

309,973 

Acartia clavsi 

340,631 

63,373 

Paracalanus parvus 

217,633 

54,120 

7'emora longieorms 

147,043 

62,659 

Calanus Jriimarchicus ... 

15,418 

21,412 


♦ An exceptionally large haul at such au early date—due apparently to several moderately 
large swarms of different Copepoda occurring together, viz., CalanuBj J^Hudooaimwt, Tem&ra, 
and Ac€frtia^ 
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The actual detniled numbers are of no importance except as indications 
of the relative abundance of the species. It is clear that Oithona and 
Pseudocalanux (in 1909) far outnumber the others. Acartia shows a notable 
increase in 1910. 

The Copepoda as a whole are a summer and autumn group, all the crests 
of their annual curves being found between May and October. Figure 11 
shows curves of occurrence of the five most abundant of the above-named 



Fig. 11.—Curves of five most abundant Copepoda at Port Erin in 1912. 

species for the year 1912, which may be regarded as typical. Curves of 
Calanus are shown separately in figure 12. The remaining one of our six 
selected species, Calanus finmarchicus^ although much the largest individually 
and probably one of the most important from the fisheries point of view, only 
occasionally occurs in very large quantities in the Irish Sea, and its total 
numbers in a year are much below those of the other species, as the following 
table shows. 

LINN, JOXJRN.—BOTANY, VOL. XLIV, R 




Table showing the total numbers of the selected CopepoJa recorded in the ten years. 
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Calanus. 

Calanus fmmarrhicus (Gunner) is present throughout the year in the 
Irish Sea, and may be taken in small quantities at almost any time and in 
larger numbers on different occasions in different years. In 1907 it was 
fairly abundant (a few thousands in a haul) in April, and again at the end of 
July and the beginning of August, and in October. In 1908, on the other 
hand, the thousands per haul were not reached until later in the year, and 
the numbers remained relatively high from September to December (2,850 
on December 23rd). Tn 1909, in addition to occa‘<ional thousands in May, 



successive waves of invasion, 2 or 3 in each summer. 

Juno, July, and October, we have evidence of an unusually large swarm that 
entered the ])ay on July 17th and 19th, when hauls estimated at 20,000 each 
were obtained. The average for these three years shows maxima in July 
and October (see fig. 12). 

In 1910 there were no very large hauls, and the thousands w^ero only 
reached at the end of July and the beginning of August—perhaps the most 
Usual time for swarms to appear in the bay. 

In 1911 the numbers in general were low, but two of the customary large 
swarms appeared in summer, one on July 4th and tlie other on July 18th. 

In 1912the numbers were higher again, and thousands occurred on 
various dates from April to October. The very high record of 50,720 was 
obtained on May 17th, unusually early tor such a large s^^arm. 

♦ I use this older specific name as I am inclined to agree with Wolfendon, Esterly and 
others that the characters used in the attempt to separate finmarchicus” and ^‘helgolendicus’^ 
as species are too slight and inconstant to be relied upon. 
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In 1913 the numbers were lower, and the maximum was 4000 on 
July 28th. 

In 1914 the maximum was 7320 on August 6th. 

In 1915 again the numbers were low, the highest being 3232 on July 1st. 

In 1916 a swarm appeared in the bay on July 11th, when over 12,000 
were taken in a haul. A few days before a similar haul gave only 10 
specimens, and a few days after 200. The average per haul at Port Erin 
over the ten years is only 266. 

On the whole this record agrees well with that at Plymouth, which is 
“ Common on and oflE from the end of April to the beginning of November, 
generally present in small numbers at other times ” (Miss Lebour). 



Fig. V^.--C<dmwJwmaTchicm^ from a photo-micrograph by A. Scott. 

Calanus fnmarcMcus (fig. 13), as its specific name suggests, is a northern 
or Scandinavian form with a wide distribution through the colder waters of 
the North Atlantic. According to Ove Paulsen its home and centre of dis¬ 
tribution lies to the south of Iceland. 

In Loch Fyne on the west coast of Scotland, oflE Skate Island, Calanus 
appears to be present throughout the year in great quantities, in deep water, 
at or near the bottom, along with Euchceta norvegica and Nyctiphanes 
norvegiea. For example, in July 1907, off Skate Island in 104 fathoms, we 
caught 13,000 Calanus in one vertical haul, and on another occasion off 
East Loch Tarbert, in 76 fathoms, we got 10,000. We have also obtained 
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from the yacht at various localities in tho deep lochs on the west coast of 
Scotland large hauls of Calamia by means of vertical hauls when no 
specimens were obtained at the surface. In fact this Copepod seems to be 
permanently present in the deeper waters of these lochs. 

In addition to these deep water specimens of Calamis we find on occasions, 
on the west coast of Scotland, large swarms on the surface, which may be 
the result of invasions from the ocean, and there is a considerable amount of 
evidence that such swarms are the cause of local mackerel fisheries. 

Some years ago (1909) Dr. E. J. Allen and Mr. D, E. Bullen published* 
some interesting work, from the IMymouth Marine Laboratory, demonstrating 
tho connection between mackend and Calanus and sunshine in the English 
Channel ; and Farran f states that in the s[)ring fishery on tho West of 
Ireland the food of tho mackerel is mainly composed of Calanus. In tho 
summor of 1913 we had an ox])erionce at Tobermory, in Mull, \^hich I shall 
quote from two letters written from tho yacht at the time, and published in 
‘Nature.’ 

“S.Y. ‘ Jiuna,’ Tobermory, July 12th, 1913. 

“ On arriving in tliis bay last night we found that the local boats had been 
catching abundance of mackerel clo<e to. Wc bought some for .suj)per (good 
fish for a halfpenny each), and on dissection found that the stomachs of all 
of them were crammed full of fresh-looking Calanns (the individual Copopods 
being for the most part distinct and perfect), along with a few immature 
Kyctiphanes and larval Decapods. Professor Newstead and my daughter 
then noticed, while fishing over the side of the yacht, about 8 p.m., that the 
gulls in the bay were feeding in groups around patches of agitated water 
evidently caused by shoals of fish. On rowdng out to these we saw distinctly 
the mackerel, large and small, daiting about in groat numbers in tlio clear 
water, and we also noticed every here and there on the smooth surface of the 
watt*r—it was a beautifully calm evening—innumerable small whirls or 
circular marks which, looking closely, I found to be caused by large Copepoda 
close to the surface. 

“ About twenty years ago I sent a note to ‘ Nature,’ from tl)e yacht ‘ Argo,’ 
in regard to large Copepoda (I think it was Anomalocera on that occasion, and 
the locality was further north, oft’ Skye), splashing on the surface so as to 
give the appearance of fine rain ; and this present occurrence at once 
reminded me of the former occasion, but hero the Copepod was Cala^ius 
^nmarchicus of large size and in extraordinary abundance. They could be 
clearly seen with the eye on leaning over tlio side of the boat, a small glass 
collecting jar dipped at random into the water brought out twenty to thirty 
specimens at each dip, and a coarse grit-gauze tow-not of about 30 cm. in 
diameter caught about 20 cubic centimetres of the Copepoda in five minutes. 

♦ Journ, Mar. Biol. Assoc, vol. viii. (1909) pp. 394-406. 
t Oonseil Internat. Bull. Trimestr. 1902-8, Planktoniquo, p. 89. 
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The mackerel were obviously darting about, occasionally leaping to the 
surface (which gave the gulls their opportunity) where the whirls, caused by 
the Oopepoda, were thickest, and an examination of the stounich-contents of 
the fish on the yacht afterwards, showed us that the amount in one mackerel 
was about the same quantity as that caught by the tow-net in five minutes. 
Professor Newstead and I have made a count of 8 c.c. of the tow-net 
gathering, and estimate that it contains about 2400 specimens of Calanus. 
Thi*> would give about 6000 Oopepods in the stomach of an average mackerel, 
or in a five-minutes^ haul of the tow-net, on this occasion. 



Fjg. 14.—Photograph of excopti«»nally largo hauls fnhoiit 3000 c.c. in a 
jar) of Calanm taken from the yacht ^ liuna’ hi 1913 tin the west coast 
of Scotland. The largest haul was estimated to contain at least 
half a million individuals. 

“It may be added that these mackerel were evidently not being nourished 
in accordance with the views of Putter, and were clearly able to fill their 
stomachs from the plankton around them.^’. . . . 

The following note, written some weeks later, records the conclusion of the 
matter, so far as that summer’s ob«<ervations wont:— 

“ S.Y. ‘ lluna,’ oflF Island of Eigg, August 12th, 1913. 

“ On getting back to Tobermory on Saturday, we found the plankton to be 
in marked contrast to its condition four weeks ago. The vast swarm of 
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Calanidg has gone, and there are now no ‘•igns of mackerel feeding in tlie 
bay. In fact, the change has been noticeable for some da}S in the seas 
outside, and ^^e have not been getting lately the large plankton catches 
that were usual in the latter half of July. On July 14th a haul of the 
large surface tow-net, in the open '^ea off Ardnainurclian, ga^e such a lingo 
catch of Calaivn (about 1000 c.c.) that we pronipil) took a second similar 
haul, and had it cooked as a sort of potfvul ‘shriinp’ confection tor tea 
(sampled by ton persons, including the ciew, who wcmc inucli inteiosted to 
try this new edible Misli^); while on August 11 th a haul of the same 
net, taken at the same spot, gave only a smill catch of some 15 c.c, 
containing ^ely few (\ilanids, along v\ith the usual scanty suminei 
7oo])lanlvton.'’ .... 

The impoitance of (\tJanns as a food loi migratory Jiclagic fishes su(*h 
as the niackeiel cannot bo doubted (see fig. 14). 

PsEUDOCALAM S. 

Pseudoiolanus eloiHjatus (lloeck) is wideh distiibutcd in the Noith Atlantic 
and IS picsuit in the lii^li S(m thioughout the >cai (fig. 15). It leachis its 
lowest lo\el in January and Pebiuai}, and has its maximum in late summer 
and autumn (June to Octobei in our iciouK, gcnciall) Septembo? or October). 



Fin. 15 — r^etidotalanuh ilongatm, fiom a photo-miciograph by A Scott 

This (^opepod comes next after Oithona the second most abundant 
species in the Irish Sea, its average per liaul o\er the ten yeais being 4583. 

Some of the most important records are :—(>5,200 on May 20tli, 1912 ; 
91,960 on October 21st, 1912 ; 68,120 on Juno 24th, 1913 ; 60,600 on May 
5th, 1916 ; 59,600 on September 25th, 1916 ; 58,200 on October 31st, 1912; 
54,350 on July Slst, 1911 ; and many other records between 35,000 and 
50,000 in these same months. 
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Pabaoalanus. 

Paracalanus parvus (Clans) is a sonthorn form (fig. 16) which extends to 
the tropics and has a wide distribution. It is present in quantity only during 
autumn and winter in the Irish Sea, being practically absent between 
February and July, and having its maximum in September or October, The 
largest hauls are in autumn, for example, 59,460 on September 7 th ; 138,300 
on Se[)tember 10th ; 53,500 on September 15th, all in 1914; 61,930 on 
August 24th, 1911; 49,800 on September 8 th, 1910; 49,390 on September 
7th, 1912 ; 44,060 on October 24th, 1912 ; while other large hauls in the 
same months range from 25,000 to 40,000. 



Fio. 16 .—Paraealattus parvm, from a photo-micrograph by A. Scott. 

This is a species that has varied considerably in quantity from }ear to 
jear, its average per haul ranging from 335 in 1907 to 5863 in 1914. In 
the present 3 ear, 1917, it was especially abundant at Port Erin in September, 
along with CHthona. 

Oithona. 

Oitlwna Jielgolandica (=0. similis), Claus, is the most generally abundant 
Copepod throughout the year in the Irish Sea; but the mouths when it is 
taken in greatest numbers are June to November (inclusive) with the 
maximum generally in July. There may, however, be a second maximum 
later, in October or November. 

The following may be quoted as exceptionally large hauls ;—^The highest, 
225,450, is on July 18th, 1911, and the next highest, 199,300, is on 
November 9th, 1914 ; then we have 93,580 on July 28th, 1913, 87,530 on 
September 26th, 1912, and 83,550 on June 14th, 1910. We have twenty 
other records of over 44,000 each scattered over the months June to 
November. This is the Copepod which has the highest average number per 
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haul over the ten years, viz,, 8171 (see table, p. 190). Although this is a 
bHiall species (fig. 17), still from its very gieat abundance it must be ot 
considerable economic importance as a food-matter in the sea. 



Fj(t. 17 —Oithona htlgolandua^ fioiu a photu-niiUDgrapli by A Scott 


Acauim. 

Acarlia dauhty Giesbr., is a summei sj)ecie^ widely distiibuted ovet the 
North Atlantic, and piesent in greate'^t abundance in tlio Irish l^?eatrom May 
to October (inclusive), and having a maximum geiieially in Juno, with 
another slightei rise in autumn, September oi Octobei. 



Fig 18 —Acartta claustf from a photo-miciogiaph by A Scott. 

The following are some of our highest records:— 59,490 on June 27th, 
1912 ; 59,360 on August 24th, 1911 ; 52,200 on May 20th, 1912 : 50,100 
on June 2nd, 1913 ; 44,000 on September 29th, 1913 ; and 41,950 on June 
17th, 1912. The average of this species per haul throughout the ten years 
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is 2571. Swarms of this oceanic species (fig. 18) in summer may possibly be 
connected with an inflow of Atlantic water ; hut prolmbly also large numbers 
appearing locally in enclosed areas may be the result of reproduction and 
development in situ. 

In some cases Acartm has been found in unusual abundance quite close to 
the shore, and even in water of low salinity. 

Towards the end of iSoptember, 1917, we emptied for cleaning purposes 
the large open-air fish-ponds at the Port Erin Biological Station, and when 
most of fhe water had been pumped out we noticed that what remained was 
swarming wdth small Oopepoda. Every bucket and jarful that one removed 
for inspection was found to be densely crowded—as densely, in fact, as an 
average jar of plankton representing the contents of a standard haul. Some 
buckets of these Oopepoda were used for feeding the lobster larva) and 
some of the smaller fish and other animals in the Aquarium, and a small 
sample thar was preserved was found to be a practically pure gathering of 
Acattia clan.si. One specimen of Ceutropages v\as present in the tube amongst 
mail} thousands of Acartia.^ when Mr. 8cott took the photo-micrograph shown 
in fig. 18. 

Temuua. ^ 

Temom longicovms (Miill.) is a \ory local species, which may be found on 
occasions swarming in gieat abundance in small areas of the sea, generally 
clo^e to land. It is a summer species and its maximum is genoially in June 



Fkj 19. Temora longtcomts from the siomocb of a Mackeiel. 

From a photo-micrograph by A. Scott. 

or July, but was in May in 1912, when the large hauls of 50,400 and 83,400 
were taken on the 17th and 20th respectively. Other large hauls ot this 
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species in our records are ;—45,530 on July 11th, lOltl ; 43,^^00 on June 11th, 
1913 ; and 34,665 on July 26th, 1910. The average for this species per 
haul throughout the ten years is 1234. 

Temora (fig. 19) is characteristic of coastal as opposed to Atlantic water, 
and is the only “neritic” form in onr series. Tlie other five are all usually 
classed as ‘‘oceanic,” but as 1 have pointed out above most of them are 
really present throughout the year in the Irish Sea. 

Temora lovgicornis is on occasions one of the most abundant of our 
Copopoda in the Irish Sea and must be of consi deni bio importance as a food 
for fish and especially for the herring in summer. In the latter part of July 
and the first half of Augn^'t, 1917, the shoals of herring to the west of the 
Isle of Man came unusually close to land and evtm penetrated into bays and 
creeks ; and during this time they were feeding mainly, if not wholly, on 



Fio. 20.— Temora hvf/icorms from tlie uhI Fn>i» m 

piiolo-mKTogi’n}»li by *V. Smtt. 

Temora, Lati* in July this (’opepod uas so abundant that its piv'^enee 
caused large jiatehes of a red colour on tin* surface of the sisi off Fort Erin and 
around the (\Tir Island. These red patches were noticed by the fisb(*rmen, 
and were spoken of amongst them as iMung “ lish-food''or “ spawn."' A 
large jarful from such a red )>atch, obtained b\ one of the fishermen, was 
brought to the laboratory and found to bo swarming with small Copepoda, 
which on examination pro\od to be almost wholly Temora lomjicorms (fig. 20). 
About one-fourth part of the contents of the jar was preserved, and on being 
counteil later on was found by Mr. Andrew Scott to amount to 50 c.e. 
of (^o[)epoda, consisting of 33,340 Temora and 2 Calanus, Mr. Scott 
estimated the oil present in 9 c.c. of the dried Temora at 2*47 per cent, of 
the weight, which was 0*925 gramme. 

During ibis same time the men w'ere catching herring in quantity unusually 
close insho’o in the neighbourhood of the red patches, and on examining, in 
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the laboratory at the Biological Station, the stomach-contents of a number of 
these herrings, I found in every case that the stomach contained a mass of 
red mateiial which was obviously, under the microscope, the broken-down 
remains of Oopepoda. A few (Jpab zoea were recognisable, but the bulk of 
the material consisted undoubtedly of the Oopepoda. Mr. Scott examined 
5 c.e. of the stomach^contents for me, and found that it contained 975 easily 
recognisable specimens of 2mom. A photograph (fig. 21), which Mr. Scott 



Fio 21 —Temoia remains fiom the stomachs of the Herring 
Fiom a photo-micrograph bv A. Scott 

has made from one of the microscopic preparations, shows appendages that 
undoubtedly belong to this Copepod, while here and theiein the stomachs 
c()iii[>lete specimens of Teniora are to be seen. It is not possible to doubt 
that during these week*?, at the height of the summer herring fishery in the 
lush Sea, the fish weie feeding mainly upon this species of (!)opepod. 

Wo recorded a similar oeeurrence otf the Lancashire coast a few jeaisago, 
when in July 1913, at the time of an abundant mackerel fishery off Walney 
Island, the stomachs of some of the fish were found to be full either of Temora 
alone or of Temora mixed with hias and a few other Copejioda (see fig. 19, 
]) 198). A fev\ herrings from the Poit Erin fishery of July 1916 were 
found by Mr. Scott to be feeding mainly on Calarms, 

CONCLUDING KEMAEKS. 

Many food-fishes aio known to feed upon (^j^epod plankton during at 
least some portion of their life. The Loch Fyae herrings are frequently 
at the tim»* of a fisherj found to have their stomachs filled with Euchceta or 
Calanus, Mackerel, in the English Channel and to the S.W. of Ireland and 
elsewhere, have been recorded as feeding on Calanus, It has keen shown in 
this paper that in Hebridean Seas the mackerel and in the Irish Sea herrings, 
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at a time when they are present in great abundance, are feeding on some 
prevalent form of Copepod, such as Calanns or Temora, Other similar cases 
could no doubt be quoted and are known to marine biologists. 

Then, as to demersal fish—young plaice, after their metamorphosis, feed 
chiefly on the smaller Copepoda, wdiile in younger stages the post-larval 
plaice feeds upon Diatoms. We have noticed at the Port Erin Biological 
Station the post-larval plaice with its stomach showing of a golden brown 
colour from the Diatoms wdth which it was filled, and we have watched in a 
shallow pond the metamorphosed young j)laice darting backwards and for¬ 
wards pursuing, catching, and devouring the individual Copepoda. It is 
known that these Copepoda in their turn feed in part at any rate on Diatoms, 
so our two main constituents of the plankton are undoubtedly concerned 
in the nourishment of either young or adult fishes uh(»ful to man. 

The association of shoals of fish with abundance of plankton is the 
result of the fact that, in order to get an adequate quantity of planktonic 
food, the fish must seek out and capture the Copepoda. In other words, the 
fish must go where the jdankton is abundant and must in its movements 
follow the movements of the shoals of (Copepoda. It is the very poverty 
of the plankton in some sea-areas, insisted on by Piittor, Lohmann and 
others, which makes it necessary for plankton-eating ti**!! to move about 
in search of more abundant supplies. 

Consequently it is of imj)ortance to show, as we now can, that in our 
coastal seas at least, where the fisheries we are interested in take place, the 
plankton is not uniformly distributed. Many of the (Vpepoda occur very 
definitely in local swarms, and various localities and dejiths are characterised 
at the different seasons by particular absernblages of plankton. It is 
therefore reasonable to believe, in view of the facts given above as to the 
association of fish and plankton, that these variations in the distribution 
must have a marked effect upon the pre&ence ami abundance of at least 
such migratory fish as herring and mackerel, and also of the shoals of post- 
larval young of many of our other food-fishes. 

No less than three masses of sea-water of different origin and character 
may enter or affect the British seas in varying quantity, viz.:—(1) Arctic 
water such as normally surrounds Iceland and the east of Greenland, and 
may extend further southwards and eastwards towards Norway, the Faroes, 
and Shetlands; (2) Atlantic {“ Gulf-stream Drift”) water which impinges 
on the western shores of Ireland, and may flood the English Channel and 
extend round the Shetlands or down into the North Sea ; and (3) “ Coastal ” 
water such as flows out from the Baltic and, mixed with the other waters, 
bathes the coasts of N.W. Europe generally, and io a large extent surrounds 
the British Islands. 

The Irish Sea may be regarded as primarily an area of coastal water, 
which is, however, liable to bo periodically invaded to a greater or less extent 
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by bodies of warmer and salter Atlantic water (re-inforced possibly by por¬ 
tions of a deeper outflowing Mediterranean current) carrying in oceanic 
plankton, and more rarely perhaps by Norwegian or Arctic water causing 
an invasion of northern organisms. The variations ^hich we find in different 
years in the nature and amount of the plankton at the same localities no 
doubt depend to some extent upon the volume and jieriod of such southern or 
northern invasions ; but they may depend also upon other factors, such as 
the weather (temperature, sunshine, rainfall, wind, etc.) at the time, and 
pre\ iously. 

Of the six Copepoda discussed above only one— Temora —is a neritic form ; 
the others are all usually regarded as oceanic, that is as having their true 
home and centre of distribution somewhere to the north, west, or south in 
the open Atlantic. 

The following list gives an approximate indication of what is supposed 
to be the source of these five oceanic Copepoda:— 

Calavns, —N. Atlantic, about Iceland (“ Boreal oceanic ’*). 

Paracalanus, — Soutliern, temperate and tropical Atlantic. 

Pseudocaliwus. —N. Atlantic Boreal oceanic *’). 

Oithona. —N. Atlantic (“Boreal oceanic ”). 

Acartia. —N. Atlantic (“Northern styli-jdankton ”). 

Some no doubt live on during the year in the Irish Sea, but these indi¬ 
genous populations are probably reinforced by waves of immigration from 
outside. 

In the case of our Diatoms some of the species of a genus may be neritic 
and others oceanic, as is shown in the following list, where (N.) stands for 
neritic and ( 0 .) for oceanic, and a (?) indicates that the evidence seems to 
me conflicting or inconclusive — 

Biddttlphia mobiUensis (N.), J3. nnensis (0.). 

Coscinodiscus radiatxis (0. ?), C. concinmiB (N.), C, Grant (N,). 

Lauderia borealis (N.). 

Cluvtoceras horeale (O.), €• criophilvm (0.), C, decipiens (0?), €• densum 
(0.), r. contOTtumi^.), C. debile O, diadema C.sociale (N.), 
C, subtile (N.), C, teres (N.). 

7 halassiosira gravida (N.), T. Nordenskioldi (N.). 

RUzosolenia alata (0.), li. semispina (0.), Ji. setigera (N,), li. Shrubsolei 
R. Stolterfothi (N. ?). 

Guinardia flaedda (N. ?). 

It is remarkable how small a number of forms make up the bulk of the 
macro-ydankton throughout the year. These half-dozen kinds of Diatoms 
and half-dozen Copepoda are the all-important organisms upon which our 

* The matter was discussed more fully some 3 ears ago iti a paper by Herdman and 
Bidden in Trans. Biol Soc. Liverpool, xxv. (1911) p. 178. 



DIATOMS AND COPEPODA IN THE IRISH SEA. 


203 


fate depends so far as concerns food from fclie sea. That shoals of migratory 
fish such as herrings and mackerel are attracted in summer and autumn by 
dense swarms of certain Cop'-poda such as Calanvs and lemora can no 
longer be doubted ; and there is abundance of evidence that earlier in the 
year the young stages of otlier food-fi*^lie‘<, such as plaice, are nourished first 
by Diatoms and when larger by the smaller (!o})epoda. These conclusions, 
however, do not finish the matter. There remains in the sea the much more 
minute Protozoa, and Protophyta of the Nannoplankton, which to a large 
extent escape through the m<*shes of our plankton nets and which are doubt¬ 
less of great importance as the food of Oopepoda and other large organisms 
which in their turn nourish fish. 

There are several other interesting lines of iurthor investigation which 
open up as collaterals from plankton investigation. One of these is the 
origin of the great vernal phytoplankton maximum. In the spring there 
is an awakening of the plant-life of the sea comparable to the growing of tbe 
grass and the budding of the trees on land. This cannot be due to any rise 
in temperatun‘, a«- tlic sea at the time that tbe Diatoms start their active 
growth and reproduction is at its coldest. We have series of observations 
extending over more than ten years showing that the water of Port Erin bay 
is generally of lower temperature in March tlian in December or January. 
Of the various causes for the rise in the Diatom curve in these cold waters 
of early spring I have for some years * regarded with greatest favour the 
view suggested first by Sir John Murray, viz., tbe increase in sunlight at 
that time of year. In tliat case it would be a photo'^ynthetic j)heiiomenon— 
the increased solar light energy ouabling the Diatoiu^^ to obtain from their 
environment by photosynthesis the materials required for their growth and 
reproduction. The view that the spring increase in plankton is due to changes 
in the alkalinity of tlie water does not in my opinion conflict with the photo¬ 
synthesis theory hut is supplementary to it. The ]K)‘jition in regard (o the 
relation bet>veeii variations in alkalinity and in the plankton, in our district, 
is as follows :— 

The sea around the Isle of Man is a good deal more alkaline in spring 
(say April) than it is in summer (say July) ; and during the years 1912-14 
Professor Benjamin Moore, by examining samples of sea-water periodically 
at the Port Erin Biological Station, was able to show t that the alkalinity, 
which gets low in summer, increases somewhat in autumn, and then decreases 
rapidly, to disappear daring the winter; and then ()n<*e more, after several 
months of a minimum, begins to come into evidence again in March and 
rapidly rises to its maximum in April or May. Tliis periodic change in 
alkalinity will be seen to correspond roughly with tlie changes in the living 

* See Intensive Study, &c.” Part III. p. 200, 1910, Trnns. Biol. Soc. Liverpool, xxiv. 

t Trans* Biol. Soc, Liverpool, xxix. (1915) p. 233, 
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microscopic contents of the sea represented by the phytoplankton annual 
curve, and the connection between the two will be seen when we realise that 
the alkalinity of the sea is due to the relative absence of carbon dioxide. In 
early spring, then, the developing myriads of Diatoms in their metabolic 
processes gradually use up the store of CO^ accumulated during the winter 
and so increase the alkalinity of the water, till the maximum of alkalinity, 
due to the reduction in amount of carbon dioxide, corresponds with the crest 
of the phytoplankton curve in, say, April. Prof, Moore has calculated that 
the annual turn-over in the form of carbomrwhich is used up or converted 
from the inorganic into an organic form probably amounts to something of 
the order of 20,000 or 30,000 tons of carbon per cubic mile of sea-water in 
the Irish Sea; and this probably means a production each season of about 
two tons of dry organic matter, corresponding to at least ten tons of moist 
vegetation, per acre—which shows that we are still very far from getting 
from our seas anything like the amount of possible food-matters that are 
produced annually. 

Testing the alkalinity of the sea-water may therefore be said to be merely 
ascertaining and measuring the results of the photosynthetic activity of the 
great phytoplankton rise in spring due to the daily increase of sunlight. 

Other possible causes, more or less related to the above, have been suggested 
—such as Brandt’s hypothesis that the fluctuations in the phytoplankton 
depend upon the accumulation, and then the exhaustion, of necessary 
inorganic food-matters in the water, such as nitrogen or phosphorus com¬ 
pounds or silica ; and the view of Nathansohn, Gran and others that vertical 
currents, carrying up food-niattcrs from the deeper water, have a powerful 
effect upon the seasonal development of surface plankton. These may be 
contributory causes or may be effective locally, or on occasions; but it seems 
probable that a widespread phonoinenon of enormous amount such as the 
vernal increase of phytoplankton must depend upon an equally widespread 
and powerfully-acting cause such as the rapid increase in the amount of 
solar light energy which marks the lengthening days of the year in early 
spring. 
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Introduction. 

Five sj)ecios o£ Calamopitys, of Lower Carboniferous or possibly in some 
cases of Upper Devonian ago, have been described : two, ( 7 . Sdtvrni, Unger 
and C, annularis (Unger), from Thuringia (Unger, 1856 ; Solnis, 1896) ; 
one, <7. Beinertiana (Goopp.) from Silesia and from Scotland (Solms, 1893 ; 
Scott, 1902); one, i\ fascicalaris,^Qoii,hom Scotland and England (Scott, 
1902) ; and one, C, arnericana, Scott & Jeffrey, from the State of Kentucky 
(Scott & Jeffrey, 1914). 

The two species C, Beinertiana and i\ fascienhms, which I was responsible 
for referring to Calamopitys, have been placed by Dr. Zalessky in a separate 
genus, Eristophyion (Zalessky, 1911). The object of the present Notes is 
firstly to put on record some fresh evidence as to tho course of the leaf-trace 
in (7. arnericana, and secondly to discuss the relations of the various species, 
with special reference to Dr. Zalessky’s proposed division of the genus. 

It will be remembered that Calamopitys is a genus of Cycadofilices with 
a stem-structure comparable to that of Lyginopteris, for the pith is sur¬ 
rounded by a ring of mesarch primary strands of xylem. Their structure, 
however, is usually more centrally mesarch than in Lyginopteris, The 
leaf-trace is a single strand at its origin, but divides further out, in all cases 

♦ Used here in preference to ^^Pteridosperms” becuu&e there is no evidence whatever as 
to the fructification. 
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where its course has been followed. Secondary wood is present, often 
reaching a considerable thickness. The secondary and metaxylem trncheides 
have mnltiseriate bordered pits. 

In three species, C. Satumi^ (\ annularis^ and C. ammeawa, the leaf-bases 
are present and have tlie structure of Kalymma^ containing a number of 
bundles derived from the subdivision of a single leaf-trace. 

In r. americana^ and probably in €. annularis^ the pith is a mixed ” one, 
containing tracheides, and the structure therefore protosielic (Scott k 
♦leflFrey, 1914, p. 318). The differences between the species will be discussed 
in the second part of the paper. 

I. The Lkaf-traoe of Calamopitys americana. 

In the paper, by Prof. Jeffrey and myself, on Fossil Plants from Kentucky, 
we showed that in C. americana the leaf-trace, starting as a single bundle, 
divides into two as it passes through the zone of secondary wood, thus 
entering the cortex as two distinct strands (Scott & Jeffrey, 1914, p. 321). 
(Certain difficulties, however, remained. In one case the original bundle was 
found to divide twice, and there was some doubt as lo the nature of the first 
division, though it seemed probable that it served to separate the trace as a 
whole from a reparatory strand which remained in the stele, while the second 
division represented the duplication of the trace itself (Z. c. p. 323). Neither 
had we, at that time, any section clearly showing the two bundles of the 
trace where they pass out of the secondary wood. 

T have since had a new series of sections cut for me by Mr. Hemingway, 
which shows the whole process of division of the trace quite clearly, as well 
as its relation to the reparatory strand. The new evidence only confirms our 
previous conclusions, but it makes the case clear, where it was obscure h(»fore, 
and therefore seems worth bringing forward. 

The fragment from which the new series was cut was about an inch long, 
and 20 transverse sections were obtained from it. It forms a portion of the 
stem marked F, one of the larger specimens, the whole stem measuring about 
40 rntn., with a pith about 13 mm. in diameter. The uppermost section of 
the series lies just below a section previously figured (Z.c., PI. 29. Phot, 22 
and PI. 30. Phot. 28), so that the origin of the two bundles there shown can 
be followed. In the original section only one bundle was complete, the other 
fragmentary ; in the new series both are complete, from their first separation 
onwards. A selection of the slides, illustrating the most important changes, 
has been photographed (PI. 6. Phots. I-IO). The series is followed from 
below upwards. 

In the lowest section (Phot. 1 ) the trace in question is still at the margin 
of the “ pith ”; it has only just begun to moVo outwards, but its nature, as an 
outgoing trace, is indicated by the fan-like arrangement of the rows of 
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secondary tracheides radiating out from it, and starting from its flanks as 
well as from the abaxial side. The protoxylom is disorganized but its 
position is evident (Phot. 2) ; it lies deep in the interior of the xylem- 
strand, nearer the outer than the inner edge. It will be noticed that the 
elements lying on the inner side of the protoxylem are decidedly larger than 
those towards the exterior. On the inner side the xylein-strand is not sharply 
delimited,for the pith was ‘‘mixed,” and also there was some connection with 
a reparatory strand, better shown in a later section. 

The next section shows' little change. In section (Phot. 3) the outward 
progress is still very slight. The protoxylem of the outgoing strand appears 
to have divided into two, so far as the imperfect preservation of this part 
permits one to judge (Phot. 4). The most interesting point in this section, 
however, is tliat the connection of the leaf-trace with a strand remaining in 
the stele is clearly shown. This strand lies on the inner side of the xylem of 
the trace and somewhat to one side (Phot. 4). Its protoxylem is evident 
(though a wide crack passes through it). The two strands are clearly in the 
act of separating. The structure is almost identical with that shown, from 
anotlier specimen, in PI. 35. fig. 4 of the Kentucky paper ^Scott & Jeffrey, 
1914). The now evidence completely confirms the intor[)rctation there 
suggested, that the division in question “separated the trace as a whole from 
a reparatory strand which did not immediately pass out” (p. 325). 

Two sections higher up (Phot. 5) tho connection between the reparatory 
strand and tho leaf-trace is almost severed. Though the xylem-strand of 
the trace is damaged, the two distinct protoxylem-groups are now' evident, 
and there are signs of a division of tho centripetal ])ortion of tlic xylem. 

In the following four sections the outw^ard movement of the leaf-trace is 
very slow', but the gradual division of the xylem into tw’o l)ecomes more 
marked (se(^ Phot. 6, from the 9th section). So far, however, it is only the 
inner part of the strand that is affected, while the outer, centrifugal, portion 
is still continuous. Even in the former, the separation appears wider than 
it actually was, owing to decay of some of the elements. 

In the succeeding sections the fan of secondary wood corresponding to the 
trace broadens out, the lateral rows making a wid(»r curve. At the same 
time the primary xylem is completing its division. I») Phot. 7, from 
section 13, the two distinct strands are evident, though perhaps still slightly 
connected on the abaxial side. The radial series of the secondary wood here 
begin to show' an arrangement corresponding to tlie doubling of the primary 
strand, the original fan tending to resolve itself into two fans, as shown by 
the slight opposite curvature of the adjacent median rows (Phot, 7). 

The two strands of the leaf-trace now rapidly separate, and the outward 
movement also becomes more marked, in the 15th section (Phot. 8) the 
strands are separated by more than their own width and their protoxylem 
centres are about 2*5 mm. apart. At this level a median band of secondary 

s 2 
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wood abuts on the tissue separating the two strands and appears to belong 
to neither : ultimately^ however, this also is divided between them. 

Two sections further up (section 17, Phot. 9) the two strands are com¬ 
pletely organized as separate bundles, each with its own arc of secondary 
wood ; the rows of the wood spring from both flanks of either strand, and 
are beginning to extend further inwards. The protoxylem-groups are here 
over 3 mm. apart, the clear distance between the two primary strands being 
nearly 2*5 mm. A wide ray is appearing hetw een the two fans of secondary 
wood. 

In the next two sections rows of secondary wood appear between the two 
bundles of the trace, and in the bundles themselves the secondary growth 
begins to extend to ihe inner, adaxial side. Lastly, in the uppermost section 
of the series (section 20, Phot. 10) there is a considerable tract of secondary 
wood between the two strands extending far to the inside. It is also closing 
in directly behind the right-hand (upper) bundle. In this strand the 
secondary wood proper to the strand now clearly extends all round, the rows 
on the adaxial side still being short. In the left-hand (lower) strand the 
adaxial wood is less evident, but this may ho merely a matter of preservation. 
The right-hand bundle lies beyond the limits of the adjacent secondary wood, 
while tliat on the left appears to be less far out. 

In each bundle the primary xylem is radially elongated, an appearance 
no doubt due in some degree to the oblique course of the outgoing trace. 
The protoxylem, here as in the original single strand, lies somewhat nearer tlie 
outer than the inner edge: it may be beginning to divide, but this is doubtful. 

Tho section last described comes next below that already figured in the 
Kentucky paper (Scott & Jeffrey, 1914, PI. 29. Phot. 22 ; PI. 30. Phot. 28). 
This section is reversed as compared with those of the new series; the 
complete bundle shown in the former corresponds to the left-hand (lower) 
strand in the photographs now given. The chief changes are that the 
secondary wood of the stele has at the higher level completely closed in 
behind this strand and the strand itself has well-developed wood all round it, 
as described in the Kentucky paper (p. 324). The companion strand (the 
right-hand (upper) one in the new series, left-hand in the 1914 figure) is 
only represented by a fragment in the old section. 

The series just described demonstrates, with perfect clearness, the division 
of the leaf-trace into two equivalent strands as it passes out through the 
secondary wood. The latter, however, is a late formation, and a better way 
of expressing the facts is to say that the trace divided before reaching the 
pericycle ; L e., while still within the zone of thickening. In this it differs 
from the leaf-trace of C. Satumi^ which, according to the detailed observa¬ 
tions of Solms-Laubach, passed beyond the woody zone as a single bundle, 
and only divided into two in the cortex (Solms, 1896, pp. 67, 69; Taf. 4. 
figs. 1-3). The difference, however, is not very great. Solms-Laubacb 
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states (p. 68) that the primary strand of the leaf-trace where it separates 
from tlie wood has two protoxylorn-groups, placed near the ends of the trans¬ 
verse .section ; his fig. 8 (Taf. 4) shows a loaf-trace still in the woody zone 
of the stele and showing two most distinct protoxylciii-groups; the 
reparatory strand lies behind, and the wliole aj)pcarance is remarkably like 
some of our own sections (Phots. 4-C). The distinction is simply that in 
C, americana the division of the trace is completed somewhat earlier in its 
course than in C. Saiurni, fn the latter species, as in ours, the leaf-trace 
had its own socon<lary wood, where it fir»t becain(‘ separate, but it is described 
as limited to the outer side (p. 68). 

It need hardly be pointed out that the evidence from the new series of 
sections finally disposes of the .suggestion that the outgoing bundles with 
secondary growth might be the steles of branches. A single strand from 
the peripheral ring passes out and divide.s, exactly in the manner of a leaf- 
trace and in a way perfectly eomparahle to that already ol)serve<l in the 
undoubted leaf-traces of Calamopitys Satumi, 

II. The Gen its Calamojntys, 

A comparative survey of the species which have been included in this 
genus is required, now that our knowledge hu‘^ been (extended by the 
discovery of a new form, Calamojntt/s americana, \>liilo a division of tlio 
genus has been proposed by Dr. Zale.s&ky, on grounds which demand 
consideration. 

The genus Calamapitys was established by Unger in 1856 on the sp(‘cies 
C, Safurni from Sualfeld in Thuringia. Our knowledge of tlie tine structure 
of the type species is entirelj duo to Count Holms-Laubaeh (1896), who added 
a second species, C, annularis, which Unger had described as a Stujmaria. 
These two species have hitherto boon regarded as very closely allied, j)erhaps 
not even truly distinct. 1 find, however, considerable differences between 
them ; (7. annularis very closely approaches the Kentucky species (\ ameri^ 
cana, while C, Saturni is in some resj)ects more like C, fascicularis^ one of 
the two species separated by Zalessky under the name Kristopliyton. 

C, annularis appears never to have been figured sin(*o the time of Uuger, 
who quite misunderstood its structure, I happen to have in my hands 
several sections of this sp(‘cies, as well as two of C, Saturni, all lent to me 
by the late Count Solms-Lauhach some years ago, for comparison with 
C, americana, I have taken advantage of this fortunate circumstance to 
re-investigate the structure, so far as my limited material allows—it is not 
likely to be added to in the near future. For C. annularis the available 
sections are fairly adequate, and I have thought it well to give some figures 
of this imperfectly known species as well as one or two additional illustrations 
of the more familiar C. Saturni. 
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I propose to begin with C. annularis^ which stands most in need of further 
elucidation, though I may say at once that my observations in almost every 
respect confirm the brief account given by Solms-Laubach, so far as it goes. 


Calamopitys annulakis (Unger), Solms. 

The available sections of this species are from three specimens (besides a 
doubtful one), two of which (Berlin, 97 & 98) are described by Solms- 
Laubuch (1896, p. 75) as among the most indubitable examples 

Specimen 97 shows the general structure best. The two transverse 
sections are cut quite close together, and show no important change of 
structure. Section 97 appears to come just above 40a. 

The diameter of the stele, measured to the outside of the secondary 
wood, is about 20 mm,; that of the pith, including the primary wood, 
6-7 mm. The phloem is badly preserved, but a large piece of the cortex, 
or leaf-base, quite 1 cm. thick, is attached. This shows the Kal^mma 
structure, already described by Solins-Laubach (PI. 7, Phot. 11). 

The priinary xylein appears to bo continuous or nearly so. The preserva¬ 
tion is far from perfect, but the tracheides can generally bo recognized by 
their thickened and pitted walls ; the pith is almost everywhere surrounded 
by a band, several layers thick, of such elements; there may have been 
occasional small gaps filled by parenchyma. The primaiy xylem-strands 
are not very well defined ; judging from the frequency of protoxylem- 
like groups of small elements, they must have been very numerous— 
perhaps as many as 20 (see Pilots. 12-14). As a rule, the strands are 
eccentrically mesarch, the protoxylem lying decidedly nearer the outer 
than the inner edge; in these cases there is usually a marked difference 
between the centripetal and centrifugal portion of tin* xylem, tlie former 
consisting of larger trachoides than the latter (see Phot. 13). In both 

♦ Tlie sections examined are as follows:— 

1. Specimen, Berlin, 97. 

Two almost identical transverse sections, labelled: “ 97 8tiginaria annularis. Saalfeld. 
Kichter. (Berl. Ldes, Anst. 97-1).” *‘40a. Stigm. annul. Culm 8aalfeld. Coll. Solms 418.” 

One radial section, labelled; *^97K. Calamop. ann. Berlin Landesanst. Coll. Solms. n. 418.” 

2. Specimen, Berlin, 98. 

One transverse section only, labelled; 98 Stigmaria annularis. Saalfeld lUcUter. Berlin 
Landesanst. Coll. Solms. u. 411.” 

3. Specimen, Halle, 761. 

One transverse section, labelled; *‘763. Cal. annul. 9. Mus. Hal. Coll. Solms. n. 420.” 

4. Specimen, Beilin, 49. 

One radial section labelled: “ 4911. Stigm. ann. Culm Saalfeld. Berl. Ldesanst. Coll. 
Solms. n. 421 ” 

I am not sure that this isolated section is lightly named, and have taken no account of it 
in the text. 
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respects the xylem-stninds of C, annularis agree with iliose of C. americaria 
(see Phots. 2 & 4 ; also Soott & Jeffrey, 1914, PI. 35. ligs. 1, 2, 4; PI. 36. 
fig. 5). In other strands the structure is loss eccentric, and there is 
correspondingly loss differentiation between tlie inner and outer portions 
of the xyleni (Phot. 14). The xylein-strands wbicli are in closest contact 
with the secondary wood have the most occcniric structure; conversely, 
those which are more nearly centrally mesirch stand a little further back, 
and even, in some cases, appear to be separated from the secondary wood by 
a layer or two of j)arenchyma. 

It was mentioned in the paper by IVof. Jeffrey and myself (/. c. p. 326) 
that there is evidence for the occurrenco of medullary tracheides iji 
C, annularis^ as in L\ americann, I have carefully looked into this question. 
In transverse sections one can distinguish at a few places elements with 
thicker walls than the ordinary parenchyma, and reseiiibling the tracheides 
of the xylem-ring. But the preservation is not such as to make these 
indications at all convincing. The longitudinal section of specimen 97 
passes through the middle of the pith as shown by the dimensions. Several 
tubes are seen embedded in the medullary parenchyma; they are of very 
various diameters, ranging from about 100 to about 360 —the larger are 
probably distorted (Phot. 15). The smaller tubi‘s agree very well in shape 
and dimensions with those in the pith of (\ americana (Scott & Jeffrey, 
1914, PI. 34. Phot. 51 ; PI. 36. fig. 8). Those tubes apj)ear to have a wall 
of their own (Phot. 16), but pits have not been observed. There is a strong 
presumption that ibese elements arc medullary tracheides, but better evidence 
is required. Similar tubes occur in the pith of the only other specimen 
under the name L\ annularis of which I have a radial section. This will be 
described below. 

As regards the secondary wood there is not much to be said. The 
medullary rays are inultiseriate, but not dilated outwards (Phot. 12). Jii 
radial section they are muriforiii, with narrow cells. The secondary 
tracheides aie much smaller than the largo elements of the primary xylem— 
about 60 in the former to 100 in the latter. The radial section shows 
the pits in 3-6 series; the arrangement in horizontal or slightly oblitjue 
ranks is fairly regular ; loiigitudiiiully, the pits may either he alternate or 
in irregular vertical series. Their form is commonly soniewliat elliptical 
or at least elongated in the transverse direction. In all these respects 
the structure agrees with that of Haturni and ( \ americana. 

The sections at my disposal give little informution as to the ntode of exit 
of the lea£4raoes. In specimen 97 there is at one point a disturbance in the 
regularity of the wood, no doubt connected with a leaf-trace (see Pbot>. 11 
and 12), Two segments of the secondary wood arc somewhat prominent, 
with a convex outer edge; between them the tissue is badly preserved, but 
there was evidently a tnediau wedge of w^ood, not extending so far out us its 
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two neighbours (Phot. 12). There is a primary xylem-strand corresponding to 
each of the three secondary wedges; the median strand (not well preserved) 
begins further out from the pith than the other two and presumably alone 
represents the leaf-trace (Phot. 13, l,L), The structure is comparable to 
that shown in C, americana : see, for example, PL 6 , Phot. 5* The secondary 
wedge corresponding to the trace is however narrower in C* annularis. 
One of the adjacent strands lies nearly behind the leaf-trace, and may well 
be the roparatory strand from which it has separated (PL 7 , Phot. 13). 
Unfortunately there are no sections available to show the outward progress 


Text-figure 1. 



Calamopitf/8 annularis (Unger), Solms. 


Transverse section of leaf-trace strand, shown at It. m Phot. 18. outer edge of secondary 
wood of stele. The strand shows the ill-preserved primary xylem in the middle, surrounded 
by a broad secondary zone. X about 18. Drawn by Mr. G. T. Qwilliam. Section 98, 
Berlin. (Coll, Solms 411). 

of the trace; the next phase shown (in another specimen) is beyond the 
wood altogether (Phot. 18). 

This is in specimen *98. The stele, measured to the outside of the wood, 
is 28 X 21 mm. in <liameter and the pith (including primary xylem) about 
8-9 ram. On one side a portion of cortical tissue is attached, which probably 
formed part of a leaf-base. 

The pith itself is destroyed ; the primary wood is imperfect, but enough 
remains to show that it formed a very nearly continuous zone. Where the 
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structure of the individual strands can l)e made out it is very eccentrically 
mesarch, with the centrifugal part of the xylem much reduced as compared 
with the centripetal. 

The leaf-trace above referred to lies outside the wood, probably in the 
pericycle, to one side of the fragment of leaf-base (Phot. 18, Text-figure 1). 
It is a large strand, measuring about 4*5 x 2*G mm. in diameter, the longer 
axis being tangential to the stem. The greater part is composed of secondary 
wood, which is well developed all round the strand, and is thickest on the 
flanks. Very little of the primary xylem at the centre is preserved. A 
similar strand is mentioned in this specimen by Solms-Laiibach (1896, p. 74), 
who, however, describes the secondary growth as feeble and limited to the 
outer side, forming an arc. In our case, the secondary wood forms a wide 
zone, and seems to be about equally developed on the outer and inner face of 
the strand (Text-fig. 1). The structure is ol)\iously comparable to that of 
a leaf-trace bundle of C\ amerimmi, in the corresponding position (c/’. Phot, 10). 

On one side of the strand there is an irregular exten.^ion of the \NOod, seen 
partly in oblique section. 1 am doubtful us to its nature; it is possible that 
it may rej)resent the other hundle of the trace, the two strands having been 
crushed together ; this part of the tissue has a macerated appearance, and is 
loss well pre>erve(l than the stele and leaf-base. There is another l)undle, 
on the opposite side of the fiagment of leaf-base, wliich appears to conespond 
more nearly witli Solins-J^aiihaclfs description, but the preservation is bad. 

In th(* cortex or leaf-btise itself two complete bundles are preserved, as 
described by Solms-Laubach (p. 75). Each is elongated, approximately in 
the radial plane and has tliree internal protoxylom-groups, the latter lying 
towards that side of the strand which faces its neighbour. There is, of 
course, no secondary thickening at this level. The structure is identical with 
that of the bundle figured by Solms-Laubacb from (\ Saturni (Z.r. Taf. 4. 
fig. 11) and also agrees with that of the bundles in the leaf-base and petiole 
of C. americana (Scott & Jeffrey, 1914 ; PI. 27. Phots. 4, 5 ; PI. 36. fig. 9). 
A small part of the Sparganuin hypoderma is preserved. The whole 
structure is that of a Kalymma^ as Solms-Laubach has shown. From the form 
and arrangement of the bundles it seems evident that the fragment formed 
part of a leaf-base, rather than of the mere cortex of the stem. 

The same probably holds good for the fragment attached to specimen 97, 
which shows essentially the same structure (Phot. 11). Here the bundles 
have from two to four protoxylom-groups ; there appear to be three in the 
one figured (Phot. 17). Two of the bundles are giving off smaller branches, 
with a single protoxylem. 

As regards the structure of the leaf-base, the three species, (\ annularis^ 
C. Saturnij and <7. americana, seem to be practically identical. 

♦ The fragment is obviously displaced (see Phot. 18). 
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The Halle si)eciii)en under the name C. annvhris (Solms, 420) is remark*- 
able for two fettures—the narrowness of the medullary rays and the 
smallness of the pith. The specimen (Phot. 19) includes the whole of the 
latter and a largo portion of the wood, but probably not its full thickness. 
The [)resent radius is about 14 mm. 

The pith, including the primary xylem, only measures about 2*5 x 1*7 miii. 
(Phots. 19, 20). No stems of C. annularis with a small pith like this are 
mentioned by Solms-Laubacb, so presumably this specimen only came under 
observjiiion after his paper was published. The question arises, is it rightly 
named Calamopiti/s annularis ? The primary xylem forms an irregular zone 
in which some of the strands are fairly well defined, but appear to be con¬ 
nected by intermediate tracheides. At some places the xylem forms a 
continuous band, wlule elsewhere there are only scattered tracheides between 
the primary strands; this difference may simply be due to unequal pre¬ 
servation. Tt is extremely difficult to make (Uit any protoxylem in the 
primary strands; where elements smaller than the rest occur, they lie 
towards the outer edge of the strand (Phot. 20). 

Tlie pith is badly preserved ; a certain number of largish elements, with 
somewhat thick walls and clear lamina, persi.'^t and suggest tracheides 
(Phot. 20). The radial section confirms this suggestion. This section 
extends right across the pith, which contains many long tubes, agreeing in 
appearance and size with the tracheides of the primary wood. In the case 
of a stem with so small a pith one cannot he certain that the section, though 
apparently radial, may not be sufficiently tangential to the pith to pass 
through the inner part of the xylom-ring. However, it is probable that some 
of the more scattered tubes really represent medullary tracheides. 

The secondary wood is remarkable, for it nowhere shows the wide 
medullary rays characteristic of the species. Most of the rays se^m in trans¬ 
verse section are uuiseriate; about half as many are biseriate; larger 
numbers (locally four rows of cells were seen in a single case) are extremely 
rare. There is no tangential section of the specimen, but one may con¬ 
jecture that the ray in this form commonly had a middle portion two rows 
wide, with a uniseriate extension above and Ixdow. The whole appearance 
of the wood is very different from that of the typical 6\ annularis 
(cf. Phots. 12, 18). 'J'ho rays are also very narrow in actual dimensions, the 
single ray-cell being commonly about 12 wide. 

The secondary tracheides are small; a rough average giving about 36 
for the diameter. Consequently the radial section shows few rows of pits on 
the wall; usually they are in 1-3 rows, rarely 4. Otherwise they appear 
to agree with the pits of tho first sf>ecinien. 

The Halle stem is obviously different in certain points from the typical 
form of the species. It is certainly not C. Salami^ for, as will be seen 
presently, a specimen of that plant of about the same dimensions us regards 
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the pith, shows totally different characters. 1 think it most })robahle that 
the Halle specimen was rightly named by ISolnis-Lauhach and that it repre¬ 
sents an advanced stage of a small branch, with the structure somewhat 
modified as compared with that of the main stems. In spite of the 
peculiarities mentioned, the general character of the tissues suggests Calamo-' 
jntys annularis and no other plant. 

The special features which require to be emphasized in the species 
C, annularis ar^ : 1. Tlie continuous or almost continuous zone of primary 
xylem (already pointed out by Solms-Laubach). 

2. The eccentrically mesarch structure of the xylom-strands, with a 
corresponding reduction of the centrifugal portion. 

3. The prohahle presence of tracheides embedded in the j)ith. 

4. The secondary thickening all round the leaf-trace strand on its exit 
from the wood. 

In all those points C. annularis agrees with ( 7 . americana. 

The division of the leaf-trace into two has not been observed in f7. annularis; 
there can be no doubt that it takes place, but we do not know in what part 
of the course of the trace the division occurs. The narrow medullary rays of 
the Hallo specimen, assuming, as seems to be justifi(‘d, that it is rightly 
referred to C, annulans^ are inteiesting, for comparison with other >pecies. 

Oalamopitys SATruNi, Unger. 

This species is well known, from the full and admirable account given in 
1396 by Solms-Laubacli. It has also been examined by Dr. Zalessky (1911). 
Solms-Laubach describes the primary wood in this species as ‘^aii irregular 
tracheal zone, perhaps interrupted here and there, which swells out in j)laces 
into expanded nests, projecting into the pith-parenchyma” (1896, p. 65). 
In C. annulans it seemed to him that the primary wood was “more strongly 
developed, forming a quite or almost closed ring” (/.c. p. 74). Judging 
from the one transverse section of ( 7 . Saturni now in iny hands, 1 am inclined 
to think that the distinction between the two species is more marked than 
Solins-Laubach realized. This section (PI. 8 . Phots. 23, 22) is from the 
specimen Berlin, 76, and is among those described by Solms-Laubach (/. c. 
p, 71), but not figured 

Two excellent photographs from another section of the specimen are, 
however, given by Dr. Zalessky (1911, PI. 3. figs. 1, 2). The specimen 
(stole only) was 1 cm. in diameter; the section here figured is incomplete, 

♦ X have one tranavers© and one radial section. The former is labelled: “Cal. Sat. Q. 
Berl. 76. Culm Saalfeld. Berlin I^audes Anst. Coll. Solms 422.” 

The radial section is apparently not from the same specimen, for the inscription is: “2911. 
Cal. Sat* P r. Culm Saalfeld. Berlin Ldesaust. Coll. Solins ii. 423.” Tlie P makes the value 
of this section doubtful, though it was sent to me by Count Solms as an example of the species 
C. and a tangential section of no. 29 is figured by Dr. Zalessky under that name. 
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but shows the whole of the pith and primary wood; the preservatioa is 
remarkably good (Phots. 21 & 22), The pith is quite small, about 1*8 x 
1*4 mm. in diameter, including the primwry wood. 

Around the pith there are six distinct primary xylem-strauds ; in addition 
there is a seventh strand entering the wood, and lying immediately outside 
one of the ciroum-medullary strands (Phot. 22). The latter stands rather 
further back in the pith than usual, but at this level is scarcely, if at all, 
separate from the outgoing strand. The pair presumably represents a leaf** 
trace with its reparatory strand. 

The first point that strikes one about the primary xylem-strands, as 
compared with those of (7. annularis^ is that they are almost circular in 
section and centrally mesai’ch ; the protoxylem is in the middle of the strand ; 
the centrifugal portion is just as well developed as the centripetal, and has 
equally large elements (Phot. 22). This holds good without any qualification 
for five out of the seven strands; only in the strand entering the wood, and 
in a less degree in one other, also partly embedded in it, is there any 
reduction of the centrifugal primary xylem. In these two cases it may be to 
some extent merged in the secondary layers, as we found in the case of 
Arclvceopitys Eastmanii (Scott & Jeffrey, 1914, p. 347; PI. 38, fig. 17). 
The predominance of centrally mesarch structure is a striking contrast to 
C, annularis and C, americana^ and a striking point of agreement with 
C. fascicularis and C, Beinertiana^ so far as the large xylem-strands of the 
latter two species are concerned. 

Another point about the xylem-strands in this specimen of C, Saturni is 
that they are quite well defined and to all appearance perfectly separate 
from one another. In no case (except of course that of the leaf-trace 
and its reparatory strand) have J found any sign of continuity between 
the bundles. The perfect preservation allows the tracheides with their 
somewhat thick and distinctly pitted walls to stand out quite clearly from 
the thin-walled parenchymatous cells* of the pith. In every case the 
xylem-strand forms a definite, more or less circular group of tracheides, while 
the whole of the tissue lying between the strands, whether the intervals 
be broad or narrow, is parenchymatous and identical with that of the pith 
(see Phot. 22 ; also Zalessky, 1911, PI. 3. figs. 1, 2), The bundles are, in 
fact, just as distinct as in Lyginopteris or Poroxylon ; there is no sign of a 
continuous xylem-nng. 

The whole of the pith appears to consist of thin-walled parenchyma. 
Every cell is preserved and I find no indication of medullary tracheides, 
except in one doubtful case, in the outer part of the pith. If present at 
all, the medullary tracheides must here have been in the last stage of 
reduction. 

* The wall (or middle lamella F) appears as a clear tliiu lice with irregular depoaits cf a 
dark suhstauoe on either aide. 
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Dr. Zalessky gives photographic figures of another section of the same 
specimen (/. c, PI. 3. figs. 1, 2). This was evidently cut near the one I have, 
for all the bundles can bo identified {cj\ Phot. 22). Both Dr. Zalessky 
(Z. c. p. 25) and Solms-Laubach (Z. c. p. 72) mention in this case a single 
bundle embedded in the pith, at a little distance from the secondary wood. 
From the former author^s photograph (Z c. fig. 2) it is clear that this 
bundle is the reparatory strand of the leaf-trace. Tlie leaf-trace itself is here 
more embedded in the secondary wootl and does not seem to have been 
noticed. Presumably the section photographed by Dr. Zalessky was cut 
just above ours, at a point where the separation of the leaf-trace from the 
reparatory strand was more complete. 

In the section figured in the present paper there is another bundle 
(Phot. 22, .r), which appears to be embedded in the pith; unfortunately the 
secondary wood has been cut away at this point, but about three layers of 
cells remaining on the outer side of the strand are clearly parenchymatous. 
The strand in question is identical with the left-hand one of the two shown 
in Dr. Zalessky^s fig. 2. In his section it appears to he almost in contact 
with the secondary w^ood. It does not seem to be a reparatory strand, for 
no leaf-trace is visible. 

In the circular form and centrally mesarch structure of most of the xylem- 
strands, as well as in their complete isolation from one another, C» Sahirni^ 
to judge from this sj)eciinen, ditfers sharply from C, anmflaris and C, americana. 
There is no reason to doubt that the specimen described is typical of the 
species in these respects, though in other sections, which I examined in 1901, 
the exact limits of the xylein-strands were more difficult to trace, owing to 
the nature of the preservation. 

Another probable difference is in the occurrence of medullary tracheides, 
which are a characteristic feature ol’ C, americava and appear to be frequent 
in C, annularis, while there is little or no evidence for their presence in 
C. Saturni, This, if established, would be an im[)ortant distinctive character, 
but as regards the two Tburingian species the data are inadequate for a 
final decision. One small point remains to be mentioned : in our specimen 
of C. Saturni and in some others the medullary rays are often dilated 
outwards, as noticed by Dr. Zalessky (/. c. p. 26), wdiile this is not the 
case in 6\ annularis or C. americana. This character is obviously of only 
specific value, at most. 

The question of the course of the leaf-trace has been discussed above 
(p. 208), and the distinction in this respect between C. Saturni and 
C. americana pointed out; the data are wanting Ibr a comparison with 
C. annularis. On the other hand, the structure of the leaf-trace on its 
exit from the secondary wood is y(»ry much the same in the last-named 
species and C. americana. 
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On the whole of the characters available for compariBon^ it seems dear 
that C» Satumi is very distinct from C. annularis and (7, americana^ while 
the two latter species show a remarkably close agreement with one another, 

Cala-Mopitys AMERICANA, Scott <fe Jeffrov* 

A short summary of the chief characters oE this species is all that need be 
given hero. 

Primary xylem-strands eccentrically mesarch, with the centriEugal portion 
smaller and smaller-celled than the centripetal. Strands united laterally to 
form an almost closed xylem-ring. 

Pith “ mixed,” containing a varying proportion of medullary traclieides. 

Leaf-trace dividing into two as it passes through the secondary wood. 
Each leaf-trace bundle, where it leaves the wood, surrounded by a zone of 
secondary thickening. 

Secondary wood with high, multiseriate medullary rays, not enlarged 
outwards. Tracheides with several series of alternating bordered pits on the 
radial walls. 

Leaf-base with the structure of Kalymma, containing a niimi^er of mcsarch 
bundles, each with from 2 to 5 protoxylem-groups. 

The details are fully described in the paper by Prof. Jeffrey and myself 
(1914), supplemented by the more complete account of the course of the leaf- 
trace given in the first part of the present communication. 

Calamopitys fascicuiIaris, Scott. 

Enstophyton fascicularey Zalessky. 

This species was shortly described, under tlie name Araucarioxylon 
fasciculare, in 1899 (Scott, 1899, p. 615) and a full illustrated account was 
given three years later, when 1 placed it in the genus Calamopitys (Scott, 
1902, p. 332). No new specimens have come to light since then and there is 
little to add !o the published description. The species is mentioned and a 
figure given by Dr. Zalessky (1911, p. 23 ; PI. 3. fig. 7), who contests its 
affinity with Calamopitys and transfers the plan! to his new genus Enstophyton^ 
A brief recapitulation of the principal features may be given here, reserving 
the discussion of the systematic position to the conclusion of the paper. 

The pith is small (2-3 mm. in diameter) and of very uniform parenchy¬ 
matous structure; it contains no sclerotic nests. A few of the cells have 
dark contents and may possibly have been secretory in function. There are 
no medullary tracheides. 

The pith is surrounded by a ring of about 8 or 9 primary xylem- 
strands, of mesarch structure (Scott, 1902; PI. 3. fig. 1). They are of 
very unequal size. Those which about to enter the secondary wood 
as leaf-traces are very large, from 0’8 to 1 mm. in diameter. Those 
cut lower down in their course are much smaller, diminishing rapidly as 
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they pass down in the pith, to a diameter of 0*25 ram. and less. The 
smaller strands are as a rule embedded in the pith, a few layers of paren¬ 
chyma separating them from the secondary wood (/.c. PI. 3. fig. 2). The 
largo, outgoing strands are centrally mesarch, like those of C, Satumi 
{Lc. PI. 1. Phot. 2); the smaller strands, forming their dovinward 
continuation, become eccentrically mesarch with th(^ protoxylem towards the 
inner side, and may even approach an endarch structure. 

The course of the leaf-traces has been followed in successive transverse 
sedtions ; the phyllotaxis is 2/5, with short iuternodes; each leaf-trace, as it 
passes down in the pith, eventually unites with a reparatory strand on its 
kathodic side (/. c., Diagrams 1-4). 

In the outgoing trace, as it enters the secondary wood, the j)rotoxylom 
divides into two groupk, which may become widely separated (Phot. 23). 
The division of the trace as a whole has not been obsiTved, and probably 
took place too far out to be shown in the incomplete specimens alone 
available. 

The secondary wood has essentially a (Jonlaitean structure, with medullary 
rays one cell or locally two colls in wddtli, and of no groat height (Scott, Lc. 
PI. 4. fig. G), The tracbeides have from two to four rows of bordered pits on 
the radial wall ; the pits are arranged in more regular vertical rows than in 
the three previous species ; in the form of the pits there is little diff*erence, 
for in Cn fasciculariH^ though often isodiametric, t]i(‘y are al)()ut as frequently 
elongated in the transverse direction. Tlie pits of adjacent rows alternate 
regularly and are in close contact with one another, so that their outline is 
more or less lioxagonal (/. c. PI. 3. figs. 4, 5). 

The inner layers of the secondary wood are pt^cnliar, for they consist 
largely of short, wide tracheides with numerous irregular rows of pits 
(/. c. PI. 3. fig. 3). In this region the medullary rays are also dilated 
and distorted. 

It is evident that this species differs in so^eral respects from any of those 
previously consideied. The significanc<» of these <Iifferenccs will discussed 
after the next and last species has been dealt with. 

(Ialamopitys Beinbrtiana (Goepport), Scott. 

Eristophyton Beinertiamnn ((Toej)pert), Zalessky. 

This is the old Araucarites Beinertianus of Goeppert 

The primary wood was firs't described in 1902 (Scott, 1902, p. 341), and 
the characters then observed led me to place the species in tlie genus 
Oalamoptty8<^ side by side with C. /ascicularis. 

The figures given in the paper of J 902 have since been supplemented by five 
excellent photographs from Solms-Laubach's Falkenberg specimen, published 

♦ For synonyms and references, see Sc<jtt, 1902, p. 344 footnote. 
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by Dr. Zalessky (1911, PL 3. figs. 3*-6a). This author associates the species 
with C. fascicularis in his genus EriHophyton. Two specimens have come 
under observation, Solms-Laubach^s stem from Silesia and the British one 
collected by Dr. Kidston at Norham Bridge on the Tweed. For the purposes 
of the present paper I have also examined sections, kindly lent to me by 
Dr. Kidston and Dr. Gordon, of a specimen received by the former from 
Mr. Dunlop, and also derived from the Norham Bridge locality. This 
fragment agrees so closely in dimensions, appearance, and state of preser¬ 
vation with the original Tweed specimen, that I think it must be a part«of 
the same stem. The new sections have afEorded some fresh data for the 
study of the leaf-traces. 

Except for a fragment of bark, the specimens investigated include only the 
pith and wood. The characters of the species are briefly as follows 

The pith is large, 13-15 mm. in diameter in the British specimens and 
about 8 mm. in that from Falkenberg. A striking feature of the pith is the 
presence of sclerotic nests, with radiating cell-rows around them (Phot. 27), 
recalling the similar structures in Lyginopteris, This character is entirely 
absent in C. fascicularis and in all the other species referred to the genus. 
There are no medullary tracheides. Around the pith and in contact with the 
secondary wood, numerous primary xylem-strands, sometimes confluent with 
one another, are disposed. These strands show the same variation in size as 
those of C* fascicularis^ the maximum diameter being attained as the strand 
begins to pass out into the secondary wood. The xylem-strands, owing to the 
largo size of the pith, appear less important than in the preceding <«pecies, but 
tlieir absolute dimensions are not much less, the outgoing strands reaching 
a diameter of 0*8 mm. In this part of their course they are centrally 
mesarch ; lower down, as the strand diminishes in size, the centripetal portion 
becomes reduced, and an endarch structure is assumed. Strands in three 
diEFerent phases are shown, from the Falkenberg specimen, in Phots. 24-26. 
The first is a large strand just entering the wood, with centrally mesarch 
structure Phot. 25 shows a bundle lower down in its course, reduced in 

size, but still mesarch, >^hile in Phot. 26 we see a strand at a still lower level, 
very small, and distinctly endarch in structure. These changes are quite 
parallel to those in the xylem-strands of C. fascicularis^ but in C. Beinertiana 
they go further, the centripetal xylem dying out altogether. 

The new sections of the British specimen show the leaf-traces at various 
points in their passage through the secondary wood. Three such traces may 
appear in the same transverse section (Phot. 27), so the iniernodes must 
have been short, for the trace, after leaving the pith, curves rapidly outwards, 
so as to be cut very obliquely in transverse sections of the wood. I have not 

* There is a group of small elements suggesting a second protoxylem in an exarch 
position. I have not seen this elsewhere and cannot offer any explanation. This strand 
and the endarch one have already he^ figured by Zalessky (1911, PL 3. Phots. 4,6,6,6o)» 
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been able to determine the phyllotaxis. In the section figured (Phot. 27) 
two tracos'^in almost the same phase (about 2 mrn. from the pith^ are nearly 
opposite each other; the arrangement, however, was certainly not decussate 
or distichous, as shown by the position of other traces. Probably it was a 
fairly complex spiral, 

I have seen no certain case of the division of the protoxylein in the out¬ 
going leaf-trace. The strand shown in Phot. 28, cut almost transversely in 
a tangential section of the wood, appears to have a single median protoxylein. 

»Tlie secondary wood, as in (7. fascicularisy has a C^ordaitean character, with 
the medullary rays seldom more than one cell in width (Scott, 1902, PI. 4. 
fig. 12). The pits of the secondary tracheides are most often in two rows, 
sometimes in a single row ; they are often scattered, and even when in 
contact, do not always show an hexagonal form. Those of the primary 
elements are in numerous irregular rows (Z. c. PI. 4. fig. 11). 

The species C. Beiuertiaim clearly has much in common with (\ fascicularis, 
though the larger size and peculiar structure of the pith give it a very 
different anatomical habit. Both species have advanced further in a 
Gymnospermous direction than the three first described, and, of the two, 
r. Beinirtiana shows the greater progress. 

Synopsis. 

A concise synopsis of the chief characb'rs of the five s})ecies may bo of 
service for reference. 

1. Xylem-strands of fairly uniform size, all mesarch. 

Rays usually multiseriate. 

Petiole with Kalymma structure. 

A. Xylem-strands usually eccentrically mesarcdi, wdth protoxylein 
outwards, connected to form a nearly continuous zone. Medul¬ 
lary tracheides present*. 

C. ammeana (from Kentucky). 

C. annularis] (from fVntral Germany). 

B, Xylem-strands usually centrally mesarch ; (juite separate from one 
another. Medullary tracheides probably absent. C, Satnrni, 

2. Xylem-strands of very unequal size; large and centrally mesarch in 

the upper part of their course, becoming small and nearly or quite 

endarch lower down. 

Rays usually uniseriate. 

(Petiole unknown.) 

^ Proved for C, mmricana ; highly probable for C. annnlaris. 

t It would be premature to give distinctive characters at pre.'.eut. In the meantime the 
localities prevent any confusion. 

J,INN, JOIJRN,—BOTANY, VOL. XLIV, T 
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«. C\ fasciciflaris. Pith small, ''ith no sclerotic nests. 

Smaller xylem-strands emboddod in the pith, with their centripetal 
xylem much reduced. 

r. Beinertiana. Pith large, wn*th conspicuous sclerotic nests. 

All xylem-strands in contact with secondary wood. Centripetal 
xylem dying out in the smaller strands, which thus become endarch. 

The course oE the leaf-trace has not been included in the synopsis as it is 
only adequately known in the two species C, americana and C. Saturni; in 
the former the first division of the trace takes place in the zone of thickening; 
in the latter not till the trace has passed beyond this zone. 

Affinities of the Species. 

Wo have now to consider the relations of the species among themselves 
and especially the question of the division of the genus, proposed by 
Dr. Zaleswsky. As mentioned above, this author separates tlie two species, 
(\ fascicalaris and C. Beinertiana^ under the generic name Eristophifton^ 
leaving in the original genus C. Saturni and C. annularis ; to these the new 
s|)ecies C. americana must now he added, as its close affinity with C. ajmvlaris 
is heyoml dispute. 

Dr. Zalessky, indeed, goes beyond generic separation, and while admitting 
a certain analogy and even phylogenetic relation between (\ilamvpitys and 
Erlstophyton* (Zalessky, 1911, p. 27) he points out that the former shov\s 
clear affinity to Lyginopterideic, with some approach to Medullosere tilso, hut 
that no such proximity to Ly(jinopteris1[ or, in general, to the Cvcadofilic(*s 
is found in the species referred to Eristophyton (/. c. p. 24). The question at 
issue is thus an important one and not merely a matter of the definition of 
genera. 

In support of his contention Dr. Zalessky brings forward a number of 
arguments of very unequal value ; while some arc of undoubted weight and 
interest, others are trivial or based on a misconception of the facts. 
The author goes so far as to state that exeej)t for the mesarch xylem-strands 
everylliing in the two groups which can he compared appears to differ 
(/. c. p. 25). 

To clear the ground it may be well to deal first with the less important 
arguments, reserving for later consideration tl)e more weighty* matters on 
which 1 am to a certain extent in agreement with Dr. Zalessky. 

He points out that the xylem-strands are rarely embedded in the pith 
in Calamojntys Saturni^ while all the smaller strands tire so embedded in 

♦ For the Halie of clearne8i41 provisionally adopi Dr. Zalessk\ \s noTneu(*lature in discussing 
his position. * 

t LygimyUriSj Potonii?, is the equivalent of Lyyihodendron as used by Williamsou and 
formerly by myself. 
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Eridophyton fascicvJare. In the oibor «ip^cMeb of Kvutophyton^ hovvover, 
E, Belnertianum^ einl)ed<liiig is at least a^ rare in the sj)eeies left in 
Calamopitys. We may cite the hinall endarclj stiaiid shown in Pilot. 2(5, 
evidently cut low down in its course, but still in coutact with the soeondary 
wood. This character varies in both groups, and affords no crit(‘rion between 
them. That it ‘sometimes occurs in Calamopitys prop(*r is a ])oint of interest, 
but not one on which I should lay miicb ‘•tross. Its recurnmce in Fifys may 
indicate that it is rather a primitive charact<‘r. At any late it does not 
constitute a difference between Falainopifyt^ and Krii^tophyiou, 

A second argument is based on the stiuctureof flu jiith. In Calamopitys, 
as the author truly the groups ol sclerench} matous cells with dark 

contents, so conspicuous in KtlUophyton lintim'tianomp.wo completrd) absent. 
Hut they ar*c likewise absent in the ])ith ot Erisloplujton Jascicolare ; 
the posvsible s<*cretory sacs in the latter plant be.rr no resemblance to the 
sclerotic nests of E* Beinertianum ; the prcMUicr* of thest‘ structures in the 
pith is a specific and not a geiierir* chai*actor, and again atfbids no distinction 
between Dr. Zalessky's tw^o genera. 

In one other instance tliis author has attributed generic \alue to a character 
wliicb pi’oves to be, at most, only s|)ecitic. lie mf 3 niions that in (^atonii 
some of the medullary rays are gradually enlarged outwai*(K, while this is 
not the eas(* in the Kristo}>hyion species (Lc. )). 2(5). Hut, as we lia\e '^eeii, 
it is not the ease in (\tlamopifys amndatis either, and is tb(‘ieloie of no 
value as a distinctive ehai’act<M* between ('alamopifys and fJCidojd^ylon, 

4'he argument from supposed dimensions ban berm de.dt v\ilb on a previous 
oc(‘asion (Scoll, liH2, p. 1027). Dr. Zales'^ky estimaO*'' that in his ('allixylon 
Irijilievi, a ])lant wliieb be regards as allie<l to Kridojdiytoo, tin* ^tun when 
com[)lete ma}" have attained a diameter of a mctri*. lie thinks it improbable 
that the stems of (^ycadotilices, with their fein-lik<* foliage, sliould have 
reached such dimen‘‘ions» The argument is at best a v( rv imlire(‘t one, but 
1 am ((uite willing to gi*ant that Erislopltylon litinerfiamim, at any rate, is 
liktdy to have had a thick stem. If this weia* so, tin* tact would not affoi’d 
the slightest ]>resumption against the plant belonging to the (S (*adofiliees. 
Besides the case of Mednllosa stellafa^ in whi(di a decorticated st(*m iii(*asiireil 
48 X 45 cm. in diameter (Weber & Sterzel, IM)(5, p. 25), we may cite that 
very primitive member of the (lycadofilices Ptotopifys Btfr/iuatu, a oi' 
which, though doubtless iin*omplete, wa^ also almost a foot and a hall thick 
(Solms-Laubach, 1893, [>. 198). The (jU(*stion of dimensions is, in fact, ijuite 
irrelevant to tlie issue. 

We now come to Dr. Zalessl^y's more serious gronmH lor the sep iration of 
Enstophyton from Calamopitys* The chief of these relali* to the stru(*ture of 
the secondary wood. Our author lays great stress on tlie differ(‘nce in the 
medullary rays, high and inultiseriate in (\ilamopitys, low and usually 
uniserittte in Erisiophyton, The great difference, in typical cases, is strikingly 



m 


m. D. fi. SOOTT : 


shown by Dr, Zalessky’s comparative fignres of the tangential sections of 
C* Saturni and Ji\ Beinertianum (loc* cit, PI. 4. figs, 6, 7). There is no 
doubt that this is, in most specimens, a real and important distinction ; the 
secondary wood of one of the £]fistophyton species, considered by itself, 
would at once be assigned to Oordaitese, while that of Calamopitys 
proj)er would suggest one of the Cycadophyta or (Jycadofilices. At the 
same time, if the Halle specimen above described (p. 214) was rightly referred 
by Solms-Laubach to C amndaris^ the distinction is inconstant, for in that 
specimen (a small branch) the rays are about as narrow as in an Eristophyton, 
Neither are small and narrow rays by any means unknown among undoubted 
Oycadofilices. Thus in FrotopUys Buchiana^ they are low and usually 
uniseriate, at most 2~3-seriate in the mid<ile (Solms-Laubach, 1893, 
p. 200, Taf. 6, fig. 4); the same is the case in the polystelic Cladoxylon Kidstoni 
(Solms-Laubach, 1910, Taf. 3. fig. 13) and other species (Solms-Laubach, 
1896, p. 55, Taf. 3. fig. 3). In Pitys the rays seem to be regularly 
multiseriate, and this is here accepted as a generic character; their 
width, how'ever, is extremely variable and in Callixylon^ which a}>pe'ars to be 
nearly allied, they are usually uniseriate (Zalessky, 1911, p. 28). 

Another point in the slructureof the secondary wood on which Dr. Zalessky 
lays some stress, is the character of the pitting (/. c. p, 26, footnote). He 
finds that in Erisiophyton the pits are in regular vertical series, while the 
rows are irregular in Calamopitys Satvrni ; in the Ibriner they are regularly 
hexagonal in form, while in the latter they are Glli})lical to hexagonal. The 
fissures, he says, are oblique or horizontal in Eristophytoa^ horizontal in 
Calamopitys. I have already, in describing the species, called attention to 
the difference in the pitting. As Dr. Zalessky says, the pits of Calamopitys 
are intermediate between those of Dadoxyloti (Cordaitese) and Lygmopteris, 
while in Erisiophyton they are typically Oordaitean. The difference is a real, 
if rather a tine one, and is undoubtedly a point in which the wood of 
Erisiophyton approaches that of the true Gymnospernis more nearly than is 
the case in Calamopitys proper. 

In fact there is no doubt that the species placed by Dr. Zalessky in 
Erisiophyton have made, compared wdth the typical Calamopitys^ a decided 
advance in the Gyinnospernious direction, as shown, not only in the general 
structure of the secondary wood, but also in certain features of the primary 
organization. 

These latter points are not much emphasized by Dr. Zalessky, but seem to 
me to be the most important of all. While in the typical Calamopitys species 
all the primary xylem-strands are more or less uniform in size and similar in 
structure, in the species referred to Erisiophyton the strands, as they are 
followed downwards in the pith, dwindle rapidly in size and tend to assume 
an endarch rather than a mesarch structure. In E, fasciculare there is 
a near approach to endarohy in the lower part of the strands, while in 
E. Beinertianum this structure is completely attained, I have never observed 
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any tendency to endarch structure in the xylcm-strands of CaJmopiiys proper; 
where there is any departure from central mesandiy it is in tlie exarch 
direction. This seems to me an important difference; it marks a distinct 
step, in the case of the Eristophyfon species, towards tlie ultimate disappearance 
of the centripetal xylein, which finds its realization in the (Coniferous type 
of stem. If the s])ceies in (piestion are to be placed in a se[)arate ^enus, I 
should bo inclined to rest the distinction rather on the primary characters 
just discussed, than on the difference in tlio structure of the secondary w^ood. 
The latter bardlv affords a constant criterion, unless the case of the Halle 
specimen, referred to i'alamopitys annularis, with its narrow medullary rays, 
can be explained aw'ay, 1 have no objection to generic separation, though 
I do not, at the moment, adopt it myself. In my first ])apor I ])oijited out 
that the reference of the tw'o species (\ faseinilaiis and (\ lirinertnina to 
Calainoplfys must l)e regarded as proxisional until the structiiie of their 
cortex and leaf-bases was known (Scott, 1902, pp. 345, This, unfor¬ 

tunately, is not 3 et the case, and the question is thus still open. If these 
plants should turn out to have Kalymma structure, in the leaf-base they 
should, I think, remain in Calamopifys ; otherwise their separation will 
undoubtedly be necessary. 

But, on the broader <]uestion of the near affinit}^ between the two groups, 
I think the evidence is very strong. {So fur as the larg(u* (/. p, the outgoing) 
xylem-strands are concerned the structure of (\ Beinertiana and (\ fas- 
cicnlaris is identical with that of (\ Saiurni (com]mr(‘ for (‘xample Phot. 22 
with Phots. 24 & 25, or with Scott, 1902, PI. 1 . fig. 2), I ba\e seen no 
xylem-strands of tbi.s type, large, circular and <*entrally niesnrcb, in anj’ other 
group of jdunts. The agreement with (\ annularis and (\ anirrlcana is 
less close, for in these sfjccies tlie x}lem-strands are as a rule somewhat 
eccentrically inesarch with the protoxylem neanu* the outer side. In 
fact the species form a kind of serie**, as shown in the s 3 noj)sis on p. 221 ; 
C. annularis and l\ ainerivana retain much of the ])r()t<»lelic structure, 
wdth an almost continuous primary X 3 dem-ring and mednllary tracheides^. 
The X 3 dein-straiulh are usually ecceiitricall) mesarch. In (\ Batumi^ so 
far as I have observed, there is no continuous primary ring, the xylem- 
strands being isidated ; medullary tracheides are hitlnu' quite absent or 
extremely reduced ; the strands are centrall}^ inesarch. In these respects 
C. fascicular is agrees with C, Saturni, hut there is (he important difference 
that in the former the xylem-strands, in the lower part of their course, tend 
towards an endarch structure and diminish in size, while the secondary 
wood assumes a more ({ordaitean character. Ijastly, in C, Beinertiana the 
change has gone further, for while the outg< ing xylem-strands are identical 
with those of C. fascicularis and (\ Saturni, they attain, as they pass 
downwards in the pith, a completely endarch structure, the centripetiil 
xylem here dying out. 

* Certainly in C. wnericana^ probably in C'. annulans. 
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So far as the primary structure is concenietJ, the relationship throughout 
the series appears perfectly clear. It would of course be desirable to put it 
on a broader basis, iu particular a^ regards the course oF the leaf-traces, but 
data are almost lacking in the case oF the “ liristophyton^^ species. All we 
know i<« that in (7. fasciculan^ at any rate, the protoxyleni of the leaf-trace 
divided into two in passing through the zone of thickening, just as in 
r. Satimd^ an indication (»f the subsequent division of the trace itself. 
But corticated specimens are needed before the affinities can be fully 
cleared up. 

In the meantime, on the evidence already available, it seems to me clear 
that the species placed by Dr. Zales-^ky in Eristopliyton are more nearly allied 
to the Calamopitys oi Unger than to any other known plants, and that the 
affinity closest between C. fasvirftlaris and t\ Saturni^ while C, annulaiis 
and americana show a more primitive type of structure ; U. Beinertiana^ on 
the other hand, is the most advanced of all the five species. 

Affinities of the Genus, 

Assuming that the five species which I have included under i'alamopitys 
form a natural series of nearly allied plants, \ve may now (*onsider the 
affinitio of* the group to other families. We lime to compare our plants on 
the one hand with the Oycadofilices and on the other with the PaliTozoic 
Gymnosperins. 

Among the (Jycadofilice^ tlie nearest afiinitv \»onld appear to be with the 
Lyginopterideaj. The (*oinpari.-^on has hitherto becui made with Lygiuopteris^ 
which, in its ring of mesarch \ylem-4rands and in the first division ot 
the leaf-trace, presents considerable analogies with (^alamojntys SaturiiL 
The discovery that certain species of Caiamopitys (C’. ameWmua and probably 
C. annularis) were prolostelic suggests a relation to Ueteranyiiim^ while the 
recent observation that sev<jral s[>ecies of lUtemnffiurn vonieLin^d a number of 
vascular bundles in the petiole (Scott, iyi7j strengthens the analogy, and 
tends to remove the most obvious discrepancy between the structure of 
Calamopitys iind thiit of Lyginopteridem. At the same time it is clear that 
no direct filiation of tlie two groups is admissible; Cafamopitys is at least as 
ancient as the Heterangiums, and much more ancient than the polydo'^mic 
species : there is at no point any evidence of a transition from one group to 
the other; they form jiarallel series, which, liowe\er, may well have had a 
common origin. The Medtillosem are more remote, recalling Calamopitys 
only in their highly polydesmic petioles ; they show, however, a certain 
relation to Lyginopteridose through Jleteranyium^ and all three groups may 
probably have sprung from a common source. 

^ I use this name in a wide sense, to cover all plants which appear to be iiiteriuediate 
between Feins and Uycadopliyta whether tlieir IVuctihcatiou is known or not. 
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No other Cycadofilices seem to approach CalamopUi/s at all nearly. There 
is a faint analogy in one ])oint belween th<‘ FMsito 2 >hij 1 on species of 
CalamopUt/8 and Protopitt/s ; in the latter the leaf-tiaee strands at the edge 
of the pith have a mesarch structure, with the ])roto\yleni very near the inner 
surface ; traced downwards there seems to be a transition to actual endarchy ; 
there is thus some analogy with Ihe lower part of the xylem-strands in 
C, ISeinertiana and (\ fascivularis^ but in all oilier n*sp(‘cts the structure is 
totally diflFerent (Solins-Laubach, 1893). With Stenomyelon^ which has 
exarch or nearly exarch xylem-strands, there is nothing in coniinon beyond 
the polydesiny of the petiole (Kidston i (jwynrn*-Vaughan, 1012). 

It has been pointed out that the (^ilauiopilys series appears to lead in the 
direction of Cordaitales, as shown, not only in the sti ucture of the secondary 
wood in the Fristton"*' sfiecies, but in the tendency to a dying out of 
the centripetal xybun, shown in the lower part of the course ot the leaf-traces 
in those species. We may now enquire how far this advance went, and what 
was the particular direction which it took. 

I am inclined to think that the advance towards a (Virdaitalean typi^ of 
organization did not after all go very far. I am chiefly influenced by the 
great size of the primary xylorn-strand which (‘onstitutes the leaf-trace in 
(', fascicularis and especially the former*. There are few plants 

even among the (Jycadofilices in which th<‘ primary wood of the outgoing 
leaf-traee bears so*large a jn’oyiortion to the size of the steh*, as in ( \fusricularis^, 
It is almost a Filicinean cimracter, and suggests tluil the leaf which such 
a trace supjilied must have been large ami ^ery [>rol)abiy fern-like. This 
is certainly a strong argument tor (\ Josvicnlaris, nt all events, having still 
been one of the (lycadofilices. The case is less sti iking in (\ Beinrrtiana^ 
where the stele is so mnch larger in propcn’tion, but these t\^o species are 
admittedly nearly allied, tmd what is true of (he one must in essentials l)e 
true of the other, though in (\ Beinertiana the lea\es may probably have 
been smaller in projmrtion to the stem. 

For these reasons I should regard the uhole series of species here 
included under Calamopitys as having belonged to ('y(‘adofilices, in spite 
of the anatomical advance shown by (\ fascirnlaris and Beinertiana, We 
may still ask whether these species show an aj)proach to any special family 
among the Oordaitales, as at present known to us. 

* Scott, 1902, PI. a fig. 1. 

t There is a physiological difficulty involved in tlie large size of the outgoing leaf-trace. 
As it dwindled rapidly in the downward direction, how was an adequate water-supply 
maintained P Possibly the solution is tt» be found, in the case of C, fubvicularis, in 
the presence of the short wide tracheides of the inner layers of the secondary wood (Scott, 
1902, p. 339; PI. 3, %. 3). These layers are in immediate contact with the outgoing leaf- 
traces, and appear to be adapted to the storage of water. They may have accumulated a 
supply on which the leaf-trace was able to draw. The storage-layers are the innermost of 
the secondary wood, and may well have been diflorentinted at a time when the bundles 
supplying the leaves were still actively functional. 
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There are no doubt some points in common with the Pityeee, notably 
the centrally mesarch primary xylem-strands. In the genus Pitys most of 
the strands are (imbedded in the pith, as is also the case to a lesser extent 
in C. fascimlaris and more rarely in C. Saturnu On the other band 
Arcluvopifys^ where the xylem-strands are distributed all over the pithf^ 
goes much beyond anything that we find in Calamopitys^ for there is no 
homology between those independent xylem-strands and the medullary 
metaxylem-tracheides occurring in the protostelic species of Calamopitys 
(Scott & Jeffrey, 1914, pp. 345, 365). The secondary wood of the Pityeso 
usually has broad medullary rays; it is only in Callixylon (the most 
ancient genus of the family) that uniseriate rays prevail. The xylem- 
strands of Pityese are on a small scale compared with those of Calamopitys ; 
the presumplion is that the leaves which they supplied were likewise 
relatively small, as Dr. Gordon has now proved (Seward, Fossil PL iii.). 

The two families are roughly contemporary; there are irderosting 
analogies between them, but they can hardly be on the same line of descent. 

TTie PoroxylesB are a much later group (Permo-carboniferous). The 
stem-structure recalls that of Lyyinopteris^ but the primary xylem-strands 
are exarch, and the two strands of the double leaf-trace pass down at the 
margin of the pith through several internodes before they unite. The 
centripetal xylem dies out below, a point of resemblance to Calamopitys 
Beinertiana. The secondary wood is of the Lyginopferis type. The 
leaves were large and simple, showing a general similarity to those of 
(/ordaitese. There is little to connect the family with Calamopitys, though 
a certain affinity, through Lyginopteridese, may be presumed. 

The structure of the secondary wood in the more advanced species of 
Calamopitys {Eristophyton) suggests a relation to the family Cordaiteae ; we 
now know that certain members of this family retained the centripetal 
wood of the xylem-strands in the stem (Scott & Maslen, 1910; Maslen, 
1911; Scott, 1912,1918j. In Mesoxylon no primary centrifugal wood can be 
distinguished ; the strands are exarch, as in Povoxylon, The leaf-trace liere 
also is double, the two strands uniting on entering the pith or lower down, 
according to the species. Parapitys Spenceri, which I should also place in 
Oordaitca), is interesting, because here the primary xylem-strands, though 
very small, are distinctly mesarch (Scott, 1902, p. 358). No doubt all 
the Oordaiteje are far removed from Calamopitys, but it is not impossible 
that they m<iy represent an advanced stage of the same, or at least a 
similar, lino of descent. 

Zalessky’s two genera Ccerioxylon (1911^) and Mesopitys (1911), both 
probably of Permian age, in which there are well-marked endareh strands 
of primary xylem, may also have some affinity with Calamopitys ; as the 
autlior points out, this is especially probable in the case of Mesopitys^ in 

t Dr. Gordon has found a similar arrangement in Pitys» Seward, 1917, p, 238. 
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which he traces a certain resemblance to Calamopitf/s {Eristoplu/ton) 
Beinertiana, The two genera in cjuestion seem to me to como nearest to 
the family Cordaiteae, but to belong to a somewhat different branch from 
that which includes Mesoscylon and (hrdaites. 

The conclusion then, to which our comparisons appear to lead, is that while 
the genus Calamopitys^ in the wide sense, belongs as a whole to the group 
('ycadofilices, in the neighbourhood of the Lyginopteridese, its more 
advanced species, forming Dr. Zalessky’s genus Eristophyton, show some 
approach in certain characters towards the class Cordaitales, and especially 
the family CordaiteaB. 

SUMMAUV. 

In the first part of the pa[)er additional evidence is brought forward as to 
the course of the leaf-trace in Calamopkys americana. The trace, after 
separating from the reparatory strand, divides into two in traversing the 
zone of secondary wood. It thus differs from the trace of C, Saturni^ in 
which division is only completed beyond the zone of thickening. 

The second part of the paper is devoted to a re-examination of the five 
species. 

In C\ annularis the zone of primary xylem is almost if not quite continuous. 
The primary xyleni-strands are, as a rule, eccentrically mesarch, the 
])rotoxylem lying nearer the outer side of the strand. Tubular elements, 
which are probably medullary tracheides, are present in the pith, indicating 
a protostelic structure. 

Each leaf-trace strand, on its exit from the wood, is surrounded by its own 
zone of secondary xylem. 

In all these points (\ annularis agrees with ( \ americana. 

In the Halle sp<*cimen, a small branch referred by Solms-Laubach to 
C. annularis^ the medullary rays are narrow, resembling those of (\ fascicularis 
and C. Beinertia'iia. 

In C. Saturni the primary xylem-strands are found to be completely 
isolated ; there is no continuous xyleni-ring. 

The xylem-strands are, as a rule, centrally mesarch, with the centrifugal 
and centripetal portions equally developed. There is little or no indication of 
medullary tracheides. 

The three species, (\ americana^ C, annularis^ and C. Saturni^ all had 
Kalymnia petioles of very similar structure. 

Jn C. jfascicularis the leaf-trace strands at their exit from the small pith 
are of large size, centrally mesarch and perfectly similar to those of 
C. Saturni. Lower down in their course they diminish in size and the 
centripetal portion of the xjlein becomes much reduced. The protoxylem of 
the leaf-trace divides into two in passing through the zone of secondary wood. 

The wood has narrow medullary rays and is generally of a Cordaitean 
type. Its inner layers consist of short, wide tracheides, suggesting a water- 
storing function. 
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In C. Beinertiana pith U large and contains sclerotic nests* The 
xylein-strands are similar to those of the preceding species, except Uiat in 
the lower part of their course they become actually endarch. Division of 
the protoxylem has not been observed. The wood has a Cordaiteau character. 

A synopsis of the five species is given on p. 221, 

The affinities of the species are then considered, with reference to 
Dr. Zalessky’s proposed separation of C.fascictilaria and C, Beinertiana under 
the generic name EAatopliyton ; the conclusion is reached that, while generic 
separation may ultimately be justified, all the five species form a natural 
series, in which C. Satvrni occupies, in certain respects, an intermediate 
position, between C. annularis and C, americana on the one hand, and 
C, fascicularis and C. Beinertiana on the other. 

Lastly, the affinities of the genus are discussed. While the whole 
Calamopitys series should remain in (>ycadofiHces, the nearest affinity being 
with the Lyginopteridese, through fJeteranyivm, the species C, fascicularis 
and r. Beinertiana show some advance towards the •structure of Uordaitales 
and especially of the famil} (’ordaitea). 
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EXPLANATION OF THE PLATES. 

All the iigiires are photographic and frequently need to bo exaniintd with n len". 

Plate 6. 

(^alamopiiyn amvricana, 

(From photographs by Mr. W. Tams.) 

Series, from below upwards, to show di\i8ion of tlie leaf-trace. All the 
Hgure> (except 2 and 4) are X about 7. 

Fig. 1. Part of stele, with much secondary wood. The single trace (/.C) i'. at the margin 
of the pitli. Section 1 (S. 2944 ). 

2. Primary xylem-'-trimd of leaf-trace with adjacent secondary wood from same 

section. the partly disorganized protoxyleai of the strand. X •‘»7. 

3. Two sections higher up. leaf-trace ; r., repuralory stiund. Section 3 (S. 294()). 

4. Leaf-trace, reparator\ strand and adjacent tissues from same section, more 

magnified. prolovyloin of leaf-trace; that of reparaiorj .strand, through 
which a crack passes. X 18. 

6. Two .sections above the last. The kai-trace (/./.) shows signs of division, but is 
still slightly connected with the reparatorv strand, ?. Section 6 (S. 2948). 

6. Four sections above the last. 4 he leaf-tiace (Li,) is evideiitlj di\iding into two* 

Section 9 (S. 2952). 

7. Four sections above the last. The leaf-trace has now diMded into two 

The reparatorv strand (r.) is still seen hehiiid the tiace. Section 13 (S. 295(5). 

8. Two sections above the last. The two strands of the leaf-trace (/./, /./.) are now 

widelj separated, with secoiidaiy wood between them, and tlie whole has moved 
considerablj further out. Section 15 (S. 2958). 

9. Two seclituis abo\e the la^^t. The U\o leaf-trace strands (/./., /./.) have moved 

further apait and each has it> own separate fan of secondar} wood. The cortex 
is well shown on the left. Section J7 (S. 29(50). 

10. Three sections above the last. The two leaf-trace stiands {/.t., i.f,) are now 
passing beyond the wood of the stele- Each is almost or quite siirronmled bj it.s 
own zone of secondarv wood. Section 20 (S. 29(s5). 

Plate 7. 

Calamojiitys annularis. 

From photographs (except 14 & 17) by Mr. W. Tams. 14 & 17 by Mr. L. Poodle, F.L.S. 

Fig. 11. (ileneral section of stele, with part of cortex and leaf-base, containing three 
bundles {v.b.) attached on the left. X 21. Section 40(('oil. Solms 413). 

12. Stele, from an adjacent sei tion of the same specimen, /.f., probable position of 

a leaf-trace, x 3. Section 97, Berlin. 

13, Part of primary and secondary wootl, from the same section as Phot. 11. 

probable primary xylem-atrand of a leaf-trace. A rejiaratory strand lies just 
behind. protoxylem of one of the eccentrically mesarch xyleni-strands of the 
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stele. The primary wood is yearly eoutinaous. x about 25, Soction 40a (Coll. 
Solms 413). 

Fig. 14. Double xylem-strand from the same section as Phot. 12. par»f pa!^, the two proto^ 
xylem-groLips of the strand, which appears to be separated a little &om the 
secondary wood above, x about 30. Kection 97, Berlin. 

15. liadial section through the pith of the same specimen. The longitudinal axis is 

horizontal. 11 tubes, probably medullary tracheides. X about 16. Section 
97R, Berlin (Coll. Solms 418). 

16. Shows one of the tubes (t,*) in the pith, more niagnihed. X 36. 

17. A vascular bundle and surrounding tissue from the leaf-base of the same specimen. 

There appear to be three protoxylem-groupa (ps,), X 85. Section 97, Berlin. 

18. General transverse section of another specimen, with a portion of leaf-base, 

containing two bundles (t).5.), on the left. Lt,y leaf-trace strand shown in detail in 
Text-fig., p. 212. X If. SjMstion 98, Berlin (Coll. Solms 411). 

19. General transverse section of the Halle specimen, showing the dense wood, and, 

on the right, the small pith (p.). X 3^, Section 761, liaUe (Ooll. Solms 420). 

20. Pith, with primary and part of secondary wood from the same section, more 

magnified. The primary wood is almost continuous and there appear to be 
medullary tracheides. pA ,, a protoxylexfi group ; m,r,, one of the uniseriate rays of 
the secondary wood. X about 25. 

PI.ATB 8, 

Calamopiti/8 Batumi, 

(From photographs by Mr, W, Tsms.) 

Fig. 21. General transverse section, showing the small pith and primary wood, the broad 
secondary wood with medullary rays dilated outwards, and the remains pf the 
phloem {ph,), X 13. Section 76, Berlin (Coll. Solms 422). 

22. Pith and pnmary wood more magnified. The six distinct xylern-strands round the 

pith and the leaf-trace are seen. pxA,t^ protoxylem of leaf-trace; px,r,, proto- 
xylem of reparatory strand behind it. :i'., a xylem-stiand which appears to be 
somewhat embedded in the pith, x about 50. 

Calamopitya faaoimlarU, 

23. Leaf-trace in a tangential section of the wood, showing the two widely separated 

protoxylem-gioups,/>af,p47. x 46. (Mr. W. Tams.) Section S. 2474. 

Ckdatnopitya Beinertiana. 

24. Part of transverse section, showing a large mesarch xylem-strand leaving the 

pith and entering the secondary wood, px,, protoxylem of strand. X 28. From 
a section of Count Solms-Laubach’s Falkenberg specimen. 

25. From the same section, showing a xylem-strand lower down in its course, smaller, 

but still mesarch. px*^ its protoxylem. X about 66. 

26. Another xylem-strand, cut still lower down, very small and endarch. jpx, its 

protoxylem. X 66. 

The above photographs, 24-26, by Mr. L. A. Boodle, F,L.S. 

27. General transverse section of a Norham Bridge specimen. Numerous sclerotic 

nests in tbe large pith, f the three leaf-traces passing through the wood. 
X about 2J. From a section (No. 1) lent by Dr. Gordon. 

26. Leaf-trace in a tangential section of the wood, from the same speckum. There 
appears to be one median protoxylem. X about 48. From a section (No. 4) lent 
by Dr. Kidston, FJt.S. 

Phots. 27 & 28 by Mr. W. Tams. 
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A Revision of the Genera Funmrm and H^tpicapnon, By Hehbeut 
William Fik^sley, B.A. (Oommunicaiod by A. B. I^endle, 1),S(‘, 
(liond.), F.lt.S., Sec.L.S.) 

(PiMms 9-16.) 

[Bead 3rd May, H)17.] 

iNTUODrCTlON. 

In the course of writing ‘'The Genus Ftnnaria in Briiain,” published as 
Supplement T to the ‘Journal of Botany’ for 11)12, it was found nece-^^arv to 
examine not only those Foreign Fulnitor^e‘^ that were most closely connected 
with the British forms, but in a general way all the annual species of the 
genus of which material could be obtained : and remarks on the salient 
features of various non-Brilish species are embodied in that work in the 
review\s of the generic subdiALsion^. 

During tlu* winter of 11)12—13 several Foreign collections were received 
for examination, notably the tine sets of Mr. (diaries Baile\ and of Ziiricl! 
Unixersity, the latter kindly sent by Professor Scliin/ ; and with this 
material for reference (mnnbering over 2000 sheets), in addition to the 
herbaria at the British Museum and at Kew, wher(^ some important types 
are preser\od,an opportunity presented itself to effect an a[)preciable advance 
in the studv of the genii'^. About the same time valuable supplies of living 
plants were olffained from the Hiviera and the neighbourhood of (jiibraliar 
through the kiuduess of Mr. II. Stuart Thompson, Major A. H. Wolley-Dod, 
and Mr. E. (j!- Baker, and an opportunity was taken during the succeeding 
summer to visit the Boissier Herbarium at Geneva and examinetbe impoi tant 
types there. 

The result of this work is the j)reseut ]>aper. the coinjdetion of which has 
been seriously delayed owing to the jiressure of other duties consec|uont upon 
the war. An aitenijjt is now made to offer a general criticism of all the 
species of the genus, which it is thought ma\ be useful for reference as a 
Supplement to the Latin edition of Olof Hammar’s Monograpliia Generis 
Fumariarum ” (Nov. Act. lieg. Soe. Scieiit. Upsal. ser. 3. ii. fasc. post. p. 258), 
published at Upsala in 1857, taken in conjunction with G. llanssknedit’s 

Beitrag zur Keiitniss der Ai ten von lufmatia, sect. SplKcroeapnoa,"' in ‘ Flora,’ 
Ivi. (new series xxxi.) (1873), the wu-iterV ahovo-mentioiied “Genus Fmmxria 
in Britain,’^ and certain other works wherein the Fumamv are dealt with in 
more or less detail. Hammar’s earlier Monograph (“En Monograti (ifver 
Slagtet FnmaiuF')^ whicli was jiublished at Lund in 1854 and considerably 
amended in his later work, is referred to only in a few special cases. 
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(Classification of the Genus Fitmabta. 

In this Revision F spieata, Linn, and its allies are omitted as they seem 
best refen ed to a separate genus PlafycapnoSj Bernhardi in ‘Linnma/ viii. 
471 (1833) ; and Discocapnos, Gliam. & Schlecht. in ‘Linnsoa/ i. 569 (1826), 
is similarly excluded. 

The genus Fmnana^ thus restricted, has been commonly regarded as 
compiising two sections, viz.:—(1) Petrocapms^ Cosson k Durieu in Bull. 
Soc. Bot. France, ii. ?i05 (1855), et Cosson, Comp. FI. Atlant. ii. 80 (1883- 
1887) ; {^linpicapms^ Pomel, Mat. FI. Atlant. 16 (1860), et Nouv. Mut. FI. 
Atlant. i. 210 (1874), as a genus) ; in which the species are usually perennial, 
neaily stemless, with leaves mostly ladical, a subcoryinbose inflorescence, and 
strongly tubereular-rugo'^e fruits: and (2) Sphrrocapnos^ IX^. Syst. Nat. 
Veg. ii. 131 (1821) ; Cosson, (^omp. FI. Atlant. ii. 83 (1883-1887) ; consisting 
ol the annual species, with elongate stems, cauHne leave**, racemose flowers, 
and generallj less tubercular fruits. 

It w^as at first intended that this paper should deal only with the second 
of these sections, as indicated in the notice read before the Societ) on the 
3id May, 1917 ; but subsequently, on the expres^^ed wish of the Council, an 
extension was decided upon in ordei to complete a ie\iew’ of the whole genu®. 
An examination of the species of Petrocapnos, however, revealed that in 
addition to the points of distinction noted by (Won and Pome), there are 
other important floral and fruiting characters by which they may bo separated 
as a group from the annual Ftimana, and it is consequent!) felt essential to 
lollow Pomel in treating them as a (^i^tinct genus. An account of these 
plants follows that of the true Fumitories. 

With this view^ the genus Fumaria becomes sjnoTnmous with the section 
Spharoiapnos^ 1)(^, and the classification followed is that aliead\ ado|)ted for 
the British species, coinciding pi’actically with that of HaussknechPs Revision 
in ‘Flora,^ Ivi. (1873), with an emendation of the sequence of the subdivisions. 
It is only after considerable hesitation that this system Inis been preferred to 
that ot the more finished Monograph of Harnmar, and it is readily admitted 
that HaussknechPs two primary divisions of Latisecta and AnffitsHiectw are 
unsatisfactory until their definitions are enlarged b) the addition of floral 
characters and they become converted into Gratidijiora and Parviftora 
respectively. A third classification, relying on the cur\ature of the fruiting 
pedicel or rts absence as a primary basis of segregation, which w'as adopted 
by Boissrei in the‘Flora Orientalis’owing to the ready obliteration of the 
corolla-characters in exsiccata, seems unreliable owing to the inconstancy 
of the recurved pedicel in the species in which it is commonly seen, and 
unnatural in its association of plants sometimes widely divergent in other 
characters. 

It will be remembered that Ham mar was led to w^rite his Monograph from 
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seeing Fries’ fine scries of cultivated Fumilorios at Upsala, and as a large 
proportion of his descriptions are taken from plants subsequently grown at 
Lund, he was evidently well acquainted with many of the Ii\ing foinis and 
his choice of the corolLi-cliaracters as the basis of g(»neric sections cannot be 
lightly set aside. But, on the whole, tln» annual Fninaria seem to fall 
naturallj into two rather than three large groii])s. So far as the small- 
flowered species are concerned there is no leal c]isci’e[)ancy between Hammar’s 
arrangement ajid that of Hau‘*skn(*cht, for the (>ljicinalps {mdi the An(jnstisect(p 
comprise practically the same species, one author lelving on the floral 
features and the other on those of the foliage with which they are commonlv 
associated But while Harnmar's M‘etional definitions of his (\ffiruwles^ and 
also of his fairly cover all the species placed under lliem (although 

in the former the margins of the up))er petal are not often truly patent), it is 
not so with his tliird section, wdiich s}l()^^ marked ^aiiationsin 

the corolla. As instances of tliis the spieading maigin-' of tlic lower petal 
in (F. media eon/Li,s<i, H.imin ) ma\ be cited, or the 

normally obtuse upjjer petal of F, (riiSi^onei^ Boiss. (IM 9, fig'^. 1-3). And 
when more recently discovered ])lants an* included, n complete seiies of 
transitional forms may he traced through this section, eonnecding F, 
lafa, Linn., to which Haminar’b sectional vliagnosis of the <*orolla correctly 
ap})li€*s, with the species of the section dr/mr/c. At the same time, neither 
the nor the Fapreolaia can be said to be similail> connected with 

the ()ficinah\s. 

It may thus be argued, if the floial characters alone an* considered, that 
the j)lants placed by Ilammar in his section (\tpriohitii differ fiom the 
Aijrarue in that the development of the margins of their outer petals is more 
or less arrested. In some other imjanlant featun*s, sm h as size ot flower and 
chaiactor of foliage, mo^t of the Cajn'eoJala a[>j)ioximate to the Apeaeian 
species and are plainlj difterent from the OJfimtale.s or ]\u njlora , Tlic 
fruiting characters cannot be Minilarlv contiasied, toi while a c( itain degree 
of uniformitv prevails among the fruits ol tin* Apratta , which me usually 
large and coars(*ly rugose, and also to a less extent .iniong the Officinales^ 
where they are ver} larely large, coarsely rugose, or jet cjuite smooth, in 
the Oapreolaia* of Ilammar this oigaii is eminenth vaiiabh*, being in some 
species quite small and perfectlj" smooth, in olheis larger than in some 
Agrarian species or distinctlj' rugose. As the vaiiations of the Iruit in 
Hanimar’s Capreolata^ therefore, give little indication of any gronp-affinitv, 
it seems safest to roly chiefly on the foliage and the floweis, and to legurd 
the section avS relutod to the Apraria rathei* than a distinct giouj) equal 
in rank to these and the Officinales or Farnffora\ 

The contention for two natural groups —Grandijlora or Latisecia^ and 
Parviflora or Anpustiseeke —is turtlicr supported by the geograpliical 
distribution of the species. The Apravia, ebpeciallj 7’. aptaua and 

X 2 
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F, rupettlris^ boar a superficial resemblance in flower and fruit to the 
perennial F. afi^irana, Lanik., of the section Pefrocapnos, which Hammar, 
V?ho probably bad \ery scanty material before him, included among them. 
Like f\ a/ncana they are lovers of waimth, and some of them grow in native 
habiiais on rocks in North Africa, whence they appear to have spread to 
cultivated L'uid. Most of them flourish in North Africa, and while they 
extend round nearly the wliole Mediterranean littoral, they are absent at 
any gieat altitude or distance from the sea. Away from the Mediterranean 
F. aijrana alone spieads tlirough Portugal, where rigorous inters are 
unknown, while F» oeeidentalis curiously occurs as an isolated outlier of the 
group in West (V)i-nwall, w]ier*c tiro mildness of the winters, considering the 
latitude, is proverbial. 

The other lai’ge-flowered Fumitories, Hammar’s Caprpolaia\ ar*e likewise 
most ahundant round the Mediterranean, especially towards the we^t, wdionce 
they extend over the islands of the North Atlantic. They also range through 
France and Britain, but are rare or absent east and north of a line dravMi 
southwards along the Rhine and across the Eastern Alps and BalKans to the 
Black Sea. Their distribution thus agrees generally wdth that of the Agrann^ 
but is less restricted to the south, the Capreolata forms Ixing evidently less 
impatient of cold and able to maintain themselves about as far northwards 
as the isotherm of 32® F. for the month of »}anuary. 

The large-flowered Fumitories, regarded as a whole, may thus he considered 
as })iimarily ))lants of the Mediterranean region, extending northwards in 
Western Europe, hut practically absent from Central and Eastern Europe, 
and from Asia except in tlie vicinity of the Mediterranean. It is evident 
thill they cannot exist where the winter climate is severe. 

On the other hand, the Parxdjiorw or Officinales of Hammar have a 
diffeieninnd inucli wider distiibution and are very much hardier. While 
tluy inhabit almost the whole region occupied by tlie they occur 

in the greatest alnindunce and variety in Eastern Europe, and in Western 
and ('entral Asia, where they extend as far as India and Mongolia. In some 
of their halutats the}^ maintain an existence under climatic conditions very 
severe for annuals. F, Svhlekheri and F. Vaillantii are found in the Alttii 
region, and both of tliese species grow at an altitude of nearly 2000 m. in 
the Swi^s Alps. Four species, F, parviflara^ F, VaiJkinili, F, Schrammii, and 
F, ojfieinaUs^ liave a remarkably wide distiihution, ranging from the Atlantic 
far into Asia ; hut most of the local species are Asiatic, although some rare 
outliers are found ill the high mountains of Afiica. It wdll thus be seen 
that th(^ small-flowered Fumitories are plants of almost the whole Palsearctic 
region outside the Arctic ('ircle and excluding (Ihina, with a tendency to 
predominate towards the east and with isolated species on certain African 
mountains. 
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From these consitlerationj^, inor])liolo^ieal and geogra[)lii(a], it luis hoen 
decided to follow Hiiusskneclit in dividing* llie ^emis inio two Sections, 
Lathevkv or Grafuliflora^ and AtiffustlseHw or Parnlionty based mainly on a 
combination of foliar and Horal characters, as has been done in Fumavia in 
Britain/’ 

The Section GramViflora ^ representing tlie Ayrarhr and i'apreolakr of 
Hammar, is readily subdivided into three subsections, as is done )»y llauss- 
kneebi, by eliminating, as Murale.^, from the well-inark(‘d Agrarian and 
Capreolate s))ecies the more dubious and intermediate ])lant‘‘, ‘‘omo of which 
[)resent distinct indi\idual f<‘atures, while one or two others show affinities 
with certain of the Parv\flora\ 

Of the Hoction Ikivvlflora [Ofjicimiles of llaminar) the most strongly 
marked species are l\ />arn//er(«, Lam.and its allies, which were di^tinguished 
in “ Finaarla in Britain’^ as Microseinihi from their \ery small sepals. Among 
the other species, F, oJficiiiaUs with some allied forms ‘-(*ems to constitute a 
natural subsection {V;§i(ittales) owdng to the peculiarly sliaj)ed and broad 
fruits, as well as the larger flow’ers with less minute sepaN. The remaining 
species—all w^elUmarked by relatively large sepals—fall into a homogeneous 
subsection JMihepalu* Jn thes(» plants the form of the corolla is less 
characteristic than in the oilier ]\m^}Jlora\ and some of them show affinities 
with a few species of the Murales, 

With regard to the generic sequence of these subdivisions, the most natural 
arrangement appears to be a commencement with the subsection 
followed by the i'apmtlata' and the Murales respectively. As the Morales 
show affinities wu*th the Latisepalw these suh.sections are placed in juxta¬ 
position, and after them the Ofteinales^ with the Mlcrosepala\ eoiuprising the 
most extreme small-flowerod forms, completing tlio genus. 

Spkcues of Fumabia and TUEin Listuibution. 

The number of species of Fumarm recognized in tins l{(‘vi&ion is lb— 
27 Gramiijlorw and 19 Parrifiorir, Haminar’s number of species in bis final 
monograi>h is 24, including F, I/eldreichii but without F, corpmhosa ; and 
Haussknecht gives ^15, if F, mierostavkys and F, microearpa are inelud(‘d. 
Twenty of Huminar’s species are retained, three of the remainder, ajfhiis, 
F, cagans^ and F, Gussonei^ being united with F. media /S. vonfnsa as one 
species F, Bastardii^ and F, I/eldretchii is reduced to a variety of F. Thuretii, 

Of Haussknecht’s species F, gaditana and F, Pikermiana are made varieties 
of F, sepiam and F, Tkareiii respectively, and F. malacitana is i<lentitled 
with F, macTOsepala ; the remaining 32 retain their specitic rank excepting 
F, Bora'i^ which is reduced to a subspecies of F. maralis. 

The 15 additional species are variously accounted for. F. Gaillardotti is 
segregated from the allied F, major^ F. ajdcolaia from F, utoralis, and the 
Dalmatian F, Petteri from F. Thurelii. Haussknecht's varieties F. capreoia/a 
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0. intfrmedia, F. Vuillanti) y. iudira, and B. Sehramnttl iiro raised to specific 
rank as F. duhia, F. iudica, and F. Hchrammii respectively. The Canary 
Islands jdanf referred to F. motif ana, Schmidt, is separated as a distinct 
species F, roccinea. F. bicolor, F. Martinii, F jnirpiirea, and F\ oceidenlalis, 
described since the publication of Haussknecht’s work, are admitted as> new 
species. Two Moroccan plants, ranked by John Ball as F. ai/rarta var. 
atlaiitica and subspecies tenvisecta, aie described as new species F. herherica 
and F, BalUi. F. inicrantha var. Farlatoiiana, Boiss. is included as 
F. braeteosa ; and F. auUralh is distinguished for the first time. 

The continental distribution of these 4G species may be summarized as 
follows :— 

Of the 6rmMcfi)/ow 21 occur in Europe and 7 arc peculiar to that continent. 
18 „ Afiiea „ G „ 

.G „ Asia „ 0 

Of the Parviflorm 9 „ Europe „ 2 „ „ 

9 „ Africa „ 4 „ 

13 „ Asia „ 5 ., „ 

Of individual countries, the richest in Europe is Spain, where 17 sjiecies 
occur—11 (irandi/hine and G 1‘ai'cijlom : France lias 12 species, G of 
each section ; Biitain 10, G (handijloro and 4 Faiciflora ; Italy 11, 
7 (jrandifioiv and 4 J*arrij/iorw; Balkan Peninsula IG, 9 Bcumhjiorii and 
7 Pareijiorn , Germany 9, 2 (,’randijioro and 7 Parn/fom : Russia 9, 

1 (huudiflora (introduced ?) and 8 Parnflorn. In Afiica, 14 species 
(10 firatubjhnc awd 4 Farrifforai) grow in Algciia, and 8 (3 Gnuidiflora and 
5 Farnjlorii) in Egypt. The number for Asiatic Turkey is ]G, viz.: 
.') (jrandijloro and 11 Parriflorii ; and for Persia .5, all J^ai ciffom. These 
figures indicate the predominance of the firandiflorir in the Mediterranean 
region and Western Europe, and of the Farrijforo towards the East and 
Noith, and in Asia, as pointed out on page 23G. 

AVhilc six species, F. caprcolafa, F. micrantha, J\ officinalis, F. Vuillanlii 
F. Sihcaminii, and F. pareij/ora, are remarkable foi their wide distribution 
a considerable number of 8[)ecies are distinctly local. Some of these are 
endemic in insular halritats, such as F.pnrpumt and F. occidenfali.s in Britain 
F. toccinea in the Oanaries, and F. montana of the Cape Venle Islands. 
F. bicolor, of the islands of the Westorn Mediterranean, is almost a similar 
exam})le, although it occurs also in Algeria. F. BalUi, F. dvbia, F. herherica 
and F.Munhyi all seem to be rare North African jdants ; F. ainarijsia and 
F. J’etteri arc confined to Greece and Dalmatia respectively ; and among the 
Purri/torir, F. Janice appears local in Hungary, F. Boissieri in Mesopotamia, 
F. microsiachys in Eg) |)t, and F. aiislralis in East Africa. Three other scarce 
si)ocies, F. riipesfris, F. macrose/mla, and F. sepinm, are notable as only 
occurring locally on both sides of the strait of Gibraltar ; and F. apiculata 
and F. lienteri seem sparingly distributed in th(‘ Iberian Peninsula. 
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It is probable that in the Old World the range oL* the more widely spread 
species has been extended through human agency, as has obviously happened 
in America, where h\ agravia and F. capreolata are extensively naturalized 
in the southern continent and F. parvijiora/m Mexico. The remarkable 
distribution of F. uHtralis from Western Eiiro])e round Africa to the East 
Indies and New Zealand is clearly due to the same cause. 

Natitue of Habitats of the Ffmaiha*:. 

In north-western Europe, where the conditions of an open association and 
free ^soil such as the annual Fumitories require are now rarely to be met 
with in natural habitats ov\ing to the spread of modern civilization, the 
plants of this genus are very generally found as weeds of cultivation ; and 
owing to the moist summers that usually prevail, they may commonly be seen 
from spring to autumn according to the tillage of the ground, for the 
frequent rains afford continuously a sufficient degree of moisture for the 
germination of their hard-coated seeds. In these regions they show 
considerable variation in different situations and as the sea.son progre.sses, 
and the diverse forms that they assume have been carefully diagnosed by 
Haussknecht in the case of the small-ffowered species with which he was 
familiar in Germany. 

In the Mediterranean region, however, as well as in Asia, where the 
summers are normally hot, and dry rather than wet, it is only after the 
winter rains that the seeds are able to germinate, and (‘onscquently Finnanie 
are generally flowers of spring or early summer only and are liable to less 
vegetative change. 

Ill these southern and eastern countries it is evident from the notes of 
collectors that they are by no means confined to disturbed or cultivated 
ground, for the conditions of environment which they need frequently exist 
in nature on an extensive scale. Tlie following records of apjiarontly natural 
habitats have been noted :—Among the Gmndiliora\ F, rapestris from rock 
fissures and calcareous rocks ; F, atlaniim from .shady rocks ; F, jiahellata 
from gras.sy hills and maritimo pastures ; F. duhia from ‘‘mountains’' near 
Algiers; mavrosep<da from shady rocks, rock-slopes and among Chaim^ rops ; 
F. rocciitea from moist rocks and mountain wood-edges; F, bicolnr from 
bushy places and slopes near the sea ; and F. sepiuni var. gaditema from stony 
slopes. Of the Farmfiorw^ F, niontmia from mountain rocks ; F, Krahkii on 
rocks in the Crimea (Pallas) ; F\ ojfivutaUs var. minor on rocks and in .stony 
places in the Crimea (Pallas & Bicberstein) ; F. Vaillantii from sand) hills 
of the desert in Songaria;‘ F, asepala in stony, uncultivated })laees ; 
F. partjijtora in the desert near Bagdad ; F. parriflora ^ ar. latisecta in shady 
places of Mt. Sinai ; and F. parvijlora var. persica on maritime sands of the 



240 


H. W. PUGSLKY : A REVISION OF THB! 


From this list it may not unreasonably be assumed that clearly native 
localitio*- for a lar^e proportion of the known species will someday be traced, 
althou^ili in soin(‘ (‘onntries, such as Britain, where very great natural changes 
have taken j)hK*e, this may no longer be possible, the original stations for 
tlie en(l(Mnii‘ species being now lost and the plants compelled to maintain 
thein-'(*l\(‘'>' entirely on ground periodically disturbed by cultivation. 

The punalenee of the iiraniVtflora in the Old Red Sandstone districts of 
Great Bjit.iin, and of F, Vaillaniii and F.parcijiora on the (%alk was pointed 
out in Funiitna in Britain,'* hut it has not been found jmssible to determine 
the geological formations fa^oured by different species outside the British 
JslaiuK. 

The Genus Rupicapkos, 

Of the jdants treated by (^oshon as a section Petrocapnos of Fumavut and 
1)} Pomcl as a separate genu-. Rupirapnos, the earlie‘‘t ki\own is the largc- 
flo^\(‘re(] species discovered in Algeria by Desfontaines and described by 
Lamarck in 1788 as Fumavia alricana. This fumitory ^^as ])]aced by 
Do C\indolle in Syst, Nat. Veg. ii. p. 132, with Fnmaria spieata^ L , to form 
a section Plalf/niptios of Finiuma, characteiized by eom[)re'-sed fruits—an 
arrangement prohablv duo to Ih^sfontaines’ description of the silicule as 
“comprimee” rather than to am aetual knowledge of the ])lant. 

In 1855 the section /^ef)(>rapnos establisiied by (\)Sson & Dnrieu in 
Bull. Soc. Bot. France, ii. p. 305, with four sp(‘ci(‘s, one of those being 
F, afnoana The ‘.cctional diagnosis states that the group consists of rock- 
plants, mostly ne.irlv stemless peiennials. with long-])etioled leaves exceeding 
the suheorytnbose racemes of flowers, which arc home on very long ])‘Mlicels, 
and wdth compressed, a})iculate fruits. Tlie resemblance of these plants to 
the genus Sarcocapnos^ both in habit and in the flowers of one species, is duly 
noted. 

llammar, at the time of writing his Monograph of F^itnarla, seems to 
have been unaware of this publication of the section Petrocapnos^ and 
included tlie one species known to him, F, aJ)ic(iHu, in Ids section Af/ran(f\ 

A more adcipiate account of these plants, thougli embracing only the four 
si»ecies already described, appeared in 1860 in a small ])arnphlet entitled 
‘‘ Mateiiaiix pour la Flore Atlanticjue/’ by A. Pomel. In this work the genus 
RKpuutpno.s is established, and in addition to the eliaraeteis of J^etrocapnos 
noted 1)} (^)ss<)ii Duiien, the prevalent gibbosity at the base of the lower 
petal is pointed out, as well as the curious elongation and reflexing of the 
fruiting pedicels wlu^reby the seeds are carried down to the clefts of the rocks 
in which the jdants grow. The wliolly adherent Cndocarp of the fruit, also, 
is contrasted with the apically separated and depressed endocarp of Fumaria^ 
and it is demonstrated tliat while the amphitropoiis seed of this latter genus 
shows a bowl-shaped hollow on the upper side, into which the depressed 
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endocarp of the fruit fits, in Rupicapnos the upper part of the seed is simply 
rounded without any hollow. The absence of the strongly marked fold in 
the albumen below the micropyle. as seen in Fiunarla, is also noted. 

In a second work fourteen years later (Noiiv. Mat. FI. Atlant. i. p. 240, 
and ii. p. 379) a further account of these plants is given by Pomel, and fifleen 
species are described, seemingly from material collected by himself, except 
in the case of two species which are adopted from Cosson & Uurieu. It is 
clear from this work that Poniel possessed a considei’ablo detailed knowledge 
of the group, and he has left some acc.urate <Iescriptions; but unfortunately 
he makes no reference to the various exsiccata that ha<l already been 
distributed by other botanists. 

The later works of (Jossoii and of other writers have not maintained Isomers 
separate genus Rupivapnoa despite the distinctive features ascribed to it by 
its author. The demonstrated differences of the ^Vuit and seed, however, 
seem of the first importance, and not only does Rupfcapaos lack the depressed 
endocarp and hollowed seed of/V uudvu but—what is not so clearly stated by 
Pomel—the clefts in the mesocarp which give rise to the '^a|>ical pits.” On 
the other hand, the definition of the fruit of Rnpivapnos as compressed, in 
(*ontrast with the suhgloboso fruit of Fiimavia^ cannot be accepted though 
endorsed both by Pomel and Oosson. Except in the case of some of tlie 
annual species, the compression of llie fruit in Rujm'upnos is not appreciably 
greater than what usually obtains in Famavia, 

In addition to the fruiting diHcreiices it may bo ob*NerN(‘d that the flowers 
of Rupicapnos secun to simulate those of Sarcocapnos rather than those of 
Ftnnaria in tliat the margins of the two outer petals, which are obsolete or 
nearly so in the bud stage in Fnmarla^ are considerably developed at that 
period and generally conceal entirely the inner petals. There apj)ears further 
to be an essential difference in the structure of the upper petal, for while i?i 
Fumaria tlie margins or wings (often strongly refiexed upw^ards) of the 
apical gibbosity are truly marginal only for a short distance back fi'om the 
apex of the {)etal, and further towards the base ])ec()m 0 extra-marginal and 
are prolonged in a blunt, lateral ridge, in Rupicapnos this prolongation is 
entirely wanting, the whole petal being more dorsally compressed and the 
margins themselves never strongly reflexed over the keel. 

The presence of a gibbosity or rudimentary spur at the base of the lower 
petal renders this group of jilauts unique iu the family Famariacctv in the 
possession of an une(jually two-spurred corolla ; and it is notable that the 
second spur is apparently never developed in the very small-flowered species 
and not invariably so in those in which it commonly occurs. 

Tlie consideration of these aggregate ))oints of distinction renders it 
impossible to ignore the claims of liupicapnos lor recognition as a separate 
genus ; and as there is a total absence of any connecting links between it and 
the annual specit^s of Fnniarta^ it has been decided to follow I^oinel rather 
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than (^ohson, and to retain Itupicajmos ah a genuh. Its natural position in tin* 
family Fumariaie<f is between the genera Sarvocapyws and Fumana^ to both 
of which it approximates in certain features though possessed of other 
characteis found in neither of them. 

(JliASSlFICATlOM 01^ THK GrENHS BuTICAPNOS. 

The genus Mujilcapnos is a small group of plants of rohtricted geographical 
range. So far as can be judged from the sparse herbarium material 
available tor examination, including, however, the important collection in 
Herb. Mus. Paris, kindly lent by JM. Lecomte, it embraces under four well- 
marked sections a number of critical forms whose limitations are not always 
readily defined, just as happens with the better known and more widely dis¬ 
tributed genus Famaria* Pomel,in Ins second accoiinl of the genus, divides 
his species into three sul)groups, viz.: perennials with large flowers, perennials 
with small tlowers, and small-flowered annuals. These form natural sub¬ 
divisions, unconnected, so far as is known, by intermediate forms, and have been 
adojited accordingly. The large-flowered species, with curverl, purple-tipped 
corollas never very broadly winged, somewhat recall Junnaria a<pana in 
their floral features (PI. 9 , figs. 4. 5). Their flowers are much more showy 
than in the other species of the genus, and the beauty ot F, africana is 
commented on in Ijamarck’s original description. It is proposed to place 
these plants in a section Calbantho.^. 

PomePs second group, the small-flowered perennials, resembles the 
preceding section in habit and in fruii, albeit usually smaller in all its parts. 
Its flowers, however, are widely diftereiit, not only in ‘-ize but in colour and 
form, and arc quite unlike those of the Fmnarift (1M. 9 , figs, (], 7), Their 
colouring is uniformly whitish, with a greenish orjellowish 'suffusion about the 
apex, and the apical purple colouring ot tlie inner jielals is practically confined 
to their interior. The two outer jietals are considerably dilated towards the 
apex, with spreading mar^ns,and the inner jetals aie ajncally winged, some¬ 
times very broadly so. These wings of the inner petals s})read horizontally 
between the patent margins or wu’ngs ot the two outer petaK in such a manner 
as to give to the flowers a triple winged asjieet. and the name Tripte^yx 
therefore suggests itself for the section. 

In this second section H, i>ar<o'^apnoides, desciibed by (!osson, is included 
by Pomel, with a note that the actual plant was unknown to him. An 
examination of (Josson's type in Herb, Mus. Paris shows that its flowers are 
quite unlike those of the other members of the section, the outer petals being 
conspicuously dilated towards the apex and much longer tliau the narrowly 
winged, purple-tipped inner petals. The corolla indeed resembles that of a 
Sarcocapios in miniature, as stated by Oosson, and it seems necessary to jdace 
this plant in a separate section, for which the name Sarcocapnoides is 
proposed. 
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Pomers lust, sociion, comprising the annual s|)Ocies, is readily distinguish¬ 
able by its suberect, shortly branched habit and its I'evv-flovvered racemes. 
Its fruits are often more compressed than those of the other sections, with a 
thinner and peculiarly muricate pericarj). It is proposed to name this section 
Miiricaria after one of t he most strongly marked species. 

The first-named of these sections, CalUanihos^ readily lends itself to a 
subdivision into two subsections, some of the species, like R. a/rinnia^ 
showing more or less narrow leaf-segments and wliitish flowers, while others 
have distinctly broader lobes and pale pur})le flow(u*s. These two subsections 
are termed A/ri<xw(r and Pomeliau't respectively. 

It will be observed that the secpience of sections adoj)ted in the following 
account of these plants places RalVumihos last in the series. This order 
is followed on the assumj)tion that in an account of the family Finnariavetv 
the genus Rupicapnoa follows Sa/rocaptios and prece<les Fumuria, 

SVECIKS OF JilTFICATNOR AND TIIEIU DISTRIBUTION. 

In this Revision all of Pomol s fifteen species are retained (subject to two 
changes of name) although none of his ty|)es have been seen and synonyms 
are cited by him only in four cases. Herbalium material und(‘r different 
names, however, has been ideiitilied with six of his remaining species with 
some confidence, and with a strong degree of j)robability in the case of a 
seventh. The oIIkm* Four si)eci<‘s have been adopted out of deference to 
Pomers judgment and as the diagnoses thcms(‘lves show an inherent 
probability of the plants being really distinct. In addition, fi\e fresh species 
are described for the first time, four of these lieing unknowui to Poniel and 
the fifth not distinguished by him. The total number of sjiecies of littpicapvos 
thus becomes 20. Of these, eight belong to the large-flowered group 
CaUianikos, five being Africamv and three Romeliano' : five are species of the 
section TripUrp.c; two of f^^avcovapnoiden ; and there are five knowni annual 
species or Huricariiv, 

The geograj)hical distriliution of the genus, which as a whole is confined to 
North Africa from Tunis to Morocco, wdth one sjiecies extending to 
Andalusia, is of some interest. Th<‘ species of the section Callianfhos 
prevail towards the west and are not luiown in the Sahara districts. They 
occur on mountain rocks in many places in the Algerian i>rovince of Oran 
north of the plain of Schott, and extend eastward at least as far as Miliaiiah, 
in the province of Algiers, In the west they liave been collected at Tetuan, 
near Tangiers, and will ])resumably be found in intermediate stations in tlie 
eastern half of Morocco when that country becomes more accessible. One 
species reaches Europe, inhabiting tbo Andalusian provinces of Malaga and 
Cadiz. 

The range of the section Tripteryx^ which is almost exclusively Algerian, 
lies to the oast, and is nearly contiguous with though aj)|)arently not over- 
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lapping that of tlio ‘jeetion Callianthos. Species of Triptert/j' aie found in the 
district of Johcl Amour, in the south-east of the province of Oran ; also near 
the Sahtuan border of the province of Algiers, as at Laghouat; and more 
e\tet)M\ely and generally in the province of ('onstantine, whence they extend 
across th(‘ Tunisian frontier in the neighbourhood of Kef. 

()f the two specie^ of the section SanocapnoUh^, of which little is yet 
known, one was collected near Batna, in the cential part of the province of 
(^onsbinline near the Anres Mountains, and the other at Bou-Taleb, a locality 
in the Algerian montane legion that has not been accurately located by the 
wn ter. 

Thfce of the annual species (il/aWcar/o*) occur near Biskra, in the south of 
the province of (^onstantine, and they apparently grow there in company. 
IMants of this group have also been reported from Beni-Soiiik, near the Aures 
Mountain^, and from Elkaiitara, both localities slightly to the noithwaid. 
R nuirirana grows in the Saharan region south of the province of Algiers, 
as at Metlili and (rhardaiaj and R. deliratula apparently to the west of this 
region, in the country south-east of the pro\ince ot Oran. 

Method of the Revision. 

It has already been stated that the lollowing account of tlie Fumitories, 
which includes all tlie known species with their well-inaiked varietic'^, and 
has been extended to embrace the plants reft i red to the sejiarato genus 
RupUapnos^ is [irimarily intended lor use as a supplement to the Latin 
edition of Olof Hammar's Monogtaph. A complete s}non\my is tberetoie 
not printed, and it is to be understood that IlainmarS sjnonjms are aecei)ted 
unless, as happens in a few instances, they are definitel) coriected. 
A reference-is given to the original description ol each species and \ariety, 
and if it exists, to an adequate Jiatiu diagnosis. If this is not to be found, a 
fresh diagnosis in that language, with italicised contiasting eliaraeters aMer 
the pattern adopted in in Britain,'' is fuiniKsbed. A number of 

Jlammar’s diagnoses, which seem satislaetorj except perhaps in minor 
details, have been avCepted, subject 80 inetime& to ^ome supplementary notes ; 
but where the Monographer’s descriptions aie not consideied siti-fadorv or 
where the constitution of his species has been altei ed. fresh Jjatin diagnoses 
have been written. The descrijitions ot the British sjiecies and varieties 
dealt with in ^^Fumaria in Britain ” uie cited, but, as a rule, lia\e not been 
lepeated. lleferencos are also gi\en to othei works (often to Haussknecht's 
re\ision in "Flora’) which throw light on -various sjiecies and their distribution. 
The known hybrid-forms are mentioned, but as these are usually barren, 
evanebcent annuals that do not perpetuate themselve>, no new names for their 
designation have been intiodiioed. The terms "‘e\ }>tnte'^ and “pro parte” 
are applied to synonyms in the usual sense, ie. when the synonym includes 
more tlian the recognized species and less than that species respectively* 
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Figures are cited in all cases where they are thought good onougli to he 
helpful in idenh*r>ing the plants portrayed, but it must be acknowledged 
that in few genera are the existing plates so generally inade(|nate, and the 
number of really good drawings of Ftmtarifv is extremely small. ,Some of 
the icones, such as Hammar’s and most of those in the ‘Journal of Botany/ 
show little more than detached flowers and fruits. The general poorness of 
the figures is no doubj due to the laboriously detailed work involved in 
depicting correctly the elaborately dissected foliage and the racemes of 
varying fantastic flowers of these plants. 

Exsiccata are usually ((uoted thioughout both genera except in the case 
of some British species whon^ this has already been done in Famaria 
in Britain/’and in certain British ^arieties of which no authentic material 
has yet been incorporated in any ])ublic herbaria. When the herbarium 
where the exsiccata has been seen is not mentioned, the plant will frecjuently 
be found cither at the British Museum or at Kew. In some instances the 
herbarium is named owing to mixtures in sets having been noticed. 

The measurements in the following descriptions are taken from dried 
specimens unless the contrary is stated. The length of the corolla is that of 
the finest flowers, and is reckoned from the apex of the upper ])etal to the 
end of its spur ; the form and jneasurements of the fruit refer to that organ 
in the dry condition as seen in profile with its greatest breadth in vicAv. In 
life, the flower is slightly larger than when dry, as is also the fruit, which is 
then likewise a))preciably longer in some species owing to the j)resenc<» of a 
distinct, flesliy neck wdiich (lisap[)ears by shrinkage a'^ the fruit becomes dry. 

The margins surrounding the green keel of the up}>er ))etal are nniformly 
referred to as wings in the genus Fitmavia^ and those, almost invariably 
smaller, similarly placed on the lower petal are simply termed margins. The 
wings are said to exceed the keel wdien they ar(‘ more or less refl(*xed upwards 
and sufficiently developed to hide the keel when the flow er is view^ed laterally. 
Fruits are stated to be imicronate or inucronuhite when the keel is produced 
at the apex into a short point bearing the deciduous style; they are described 
as apiculate when there is no j)rojoction of the keel and the style itself 
becomes detached more or less above its actual base, thus leaving a small 
apiculus of varying length. 

It may be well to recall that although the size of the flow^ers is not stated 
in Hammar’s monograph, a line depicting their actual length, and from 
which the size of the sepals can also bo judged, is shown under each of his 
figures. 

The sign ! implies that the plant mentioned lias been seen either in life or 
in herbaria. Species and varieties admitted, of wdiicb no material has been 
seen, are marked ‘‘non vidi” (n.v.) and shown in square brackets []. 
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FUMARIA. 

Fumana^ Linn. Species Plantarnin, ed. 1, 699 (1753), et Gen. Plant, ed. 5, 
314 (1754), ex parte; Gaortner, De FrucHbus ii. 162 (1791), ex parte; 
Bernhardiin Linniea, viii. 471 (1833); 0. Hammar, Mon. Gen. Fiimarianim, 2 
(1857) fNov. Act. Reg. Soc. Scient. Upsal. ser. 3, ii. fasc. post. 258 (1858)], 
excl. F, eovymhosa ; Fmnaria sect. Sphwrocapnos, DO. Syst. Nat, Veg. ii. 131 
(1821); Willkomm & Lange, FI. Hisp. iii. 878 (1880) ; Oosson, (^omp. FI. 
Atlant. ii. 83 (1883-7). 

Plantse annufp cauHhus elomjath ramosis diffusis vel scandentibim. Folia 
cauUna, primordia longe petiolata, rcliqua brevitor petiolata \el subsessilia, 
foUoHs plerisqtie longe petiolaiu et seginentis secundariis vulgo petiolati.s 
rarins decnrreulibns irregnlariter 2-4-pinnati&ecta ; petioli sa?pe cirrliosi. 
Jnfloreseentta pedicellis etiam Iructifeiis omnibus hrevihns nec elongatis 
ravemoia. Bracteie pedieellos fructifeios soepe subsequantes nunquam 
iniiltototies brevioreji. Corolla vnicalmrata ; petalornin exteriorum margined 
apieein versus in statu jiuenili parum explicati vel obsoleti; petahm svpeiius 
fere semi-cylindrieum, calcaratuin, superne gibbuin apicem attingentem 
format qui alag basin versus in jugvm rotundatuin laterale productas s»epe 
atropurpureas habet; petalnm inferius angustum, plus minusve canaliculatuin, 
havd calcaratum, interne gibbum apicem attingentem marginibus pateniibus 
vel erectis circumdatuin efficit; petaloruin interioruni rier\us mediiis apice 
inodiee alatus est. Fructm monospennus, indehiscens, nuciformis, muticus 
rarius miicronatus vel apiculatus, apiee per duas rimas quse mesoearpium 
perforant bifoveolatm est; exocarpium interdum lie\e vel sublfeve interdum 
tiibercttlis in sicco videndis rugosum ; endocarphm mb stylo'a mesocarpio 
disjmctumy in liemisphaerae formk dejrressum ; semen snperne in crater is Jormd 
e^ccavatum^ rugk longa infra micropylam notatum. 

Annual plants, often climbing, with long stems and cauline leaves. 
Inflorescence racemose with shoit pedicels. Lower petal never spurred. 
Fruit, when dry, with apical pits. 

Although Hammar, in his monograph, gives a generic diagnosis of some 
length, a few criticisms are necessary, as well as some notes on the import¬ 
ance of the variations of the different organs in considering specific 
characters. In the first place, it xs to be remembered that Fumitories, like 
some other weeds of cultivation, are very susceptible, especially in the 
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vegetative organs, to the influences of environment. This is often seen in 
the general habit, which, while perhaps normally markedly characteristic, is 
readily modified and sometimes quite obscured under abnormal conditions. 

The foliage of many species shows distinct inherent diflFerences. but 
throughout the genus it is exceedingly responsive to surrounding influences, 
always tending to become dwarfer and more compact, with narrower, thicker 
and more channelled segments under exposure, and larger and laxer in form, 
with more ample and flatter segments, in shade or in damp situations. In 
some species the lowest pair of leaflets is always shortly petioled, and in a 
few others the leaves are notable for long-inucronate or aristate segments. 
Both among the GramUffonv and the ParnJ1or(t\ however, there are several 
species in which the leaves are not readily distinguishable. Hammar defines 
the leaves as bipinnatisect in the annual sjjecies, but in most of them they 
are irregularly li- or occasionally even 4-pinnatisect in normal individuals. 

The relative length of the raceme and its peduncle (/. e. the part of the 
rachis below the lowest flower) is usually more or less constant in the different 
species, but it should be recollected that the two or three earliest racemes of 
a plant frequently show longer peduncles than any that follow them, and the 
later ones sometimes become less floriferous. 

The length of the pedicels, as seen in fruit, and their direction or curva¬ 
ture, are generally characteristic, but in the case of species where this organ 
is arcuate-recurved in normal plants, it commonly becomes straight and 
divaricate in shade. 

The form of the bracts and their length as compared with the fruiting 
pedicels are fairly constant and important as aflbrding specific characters. 
It generally happens, however, that the two or three lowest bracts in a 
raceme are somewhat longer than those above them; and occasionally plants 
of various species will be met with in which the pedicels throughout are 
abnormally short and the bracts relatively more than usually long. 

The sepals are valuable for diagnostic characters, for in form, size, and 
marginal dentation they usually show little variation in the same species, 
except that in shade an elongate condition sometimes obtains in w^hich the 
margin may be either more or less cut than usual. 

The features of the corolla are of the first importance, but they 
are often obscured and have proved the greatest source of confusion 
in the genus. ' This confusion is largely due to the prevalence, especially 
in the section Gmndijlora^ of a tendency under unfavourable environ¬ 
ment to produce cleistogamous flowers with more or less depauperate 
corollas (Pb 9 , figs. 8-10). Sneh flowers always tend to be pale or 
whitish in colour, and are sometimes reduced to less than half their 
normal size ; their outer petals remain coherent till the corolla falls, and 
the margins of these petals are often quite undeveloped. Possessing 
no nectary, they are regularly self-fertilized, the sexual organs remaining 



m 


MR. H. W. PUGSLEY : A REVISION OF THE 


tightly enclosed within the connate petals. As in this rudimentary 
condition the characteristic features of the flower are more or less lost, it is 
desirable in the consideration of species to have regard to perfect flowers, 
with the corolla fully coloured and winged, and provided witli a nectary. 
In these perfect flowers the lower petal is generally deflexed and free, so that 
the two outer pehils areapically distant, in nearly every species. Hammar’s 
definition that this is so only among the Apraria^ while in the (^apreolatw and 
the Officiuales the lower petal coheres to the others until separated at the base 
by the swelling fruit, cannot be accepted, for apically distant outer petals are 
frequently to be seen in good flowers in all tliree classes, as may be inferred 
from the observations of Jordan and other authors ; and in all of them the 
lower petal eventually becomes detached at the base as th(^ fruit develops, 
Tn some of the Agraricb^ however, the lower petal seems more (caducous than 
in most other species. 

A feature of the upper petal, not noticed by Hammar, but appaiently 
constant throughout the genus, is that while the apical wings are formed by 
the margins of the petal at the very apex and for the greater [)art of their 
length, towards the base of the petal they leave the margin and are finally 
produced in a blunt lateral ridge. The tube of the u|)per })etal niay bo 
regarded as laterally or dorsally compressed in proportion as this lateral ridge 
is distant or close to the edge of the petal. 

When good flowers are present iti oxsiccata, a difficulty sometimes arises 
owing to the form of the corolla being obliterated in the process of drying, so 
that its dorsal or lateral compression, the shape of its spur, anil the direction 
of the margins or wing> surrounding the apical keels of the outer j)etals are 
not readily seen. In the living plant these differences are often very marked, 
tire acute, laterally compressed corolla, with large, cur\ed spur and narrow, 
strongly reflexed wings to the upj)er petal, seen in such a species as 
capreolata^ being widely divergent from the obtuse, dorsally eomprosed 
corolla, with smaller, straighter spur and broad, erect-spreading wings, of 
F, agraria. In adequate exsiocatii the direction of the wings and the form 
of the spur can usually be fairly judged after some experience, but pressed 
flowers are often misleading respecting the compression of the corolhutube. 

A feature of the corolla that does not appear to liave been sufficiently 
appreciated is the constancy of its colour and of the dark maiking about its 
apex in almost every species throughout the genus. So far as is known 
there is no Fumaria (with the possible exoeplion of F. pan ijlora^ one variety 
of which (infficoides) seems to possess essentially pink corollas) in which the 
colour of fully developed flowers may he either pink or white, although pink 
flowers may become whitish when depauperate or shade-grown, and white 
ones eventually entirely suffused with pink or red after fertilization. But 
the essential colour, which is best seen in the later bud stage or as the flower 
opens, seems to be invariably constant. 
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The dark red or purplish markings about the apex of the corolla vary 
greatly in different species, being occasionally quite absent, sometimes 
confined to the inner petals and sometimes spreading thence, either partially 
or entirely, over the wings of the upper one. This marking is uniform in 
every species fin perfect flowers) excepting F. Baatardii and a few of the 
Parvifltmr. Attention is drawn to these variations under the diagnoses of 
the generic subsection^, and they may generally be clearly seen in well 
dried exsiccata. A well-known peculiarity of this purplish colouring is its 
tendency to disperse towards the base of the corolla after fertilization and 
as the flower fades. 

The characters of the fruit are of course among the most important, and 
those which are visible in the dry .«;tate are usually recognized without 
difficulty. A slight emendation of Ham mar's diagnosis of this organ is, 
however, necessary, for although the apical separation of the endocarp is 
alluded to, no mention is made of its depression in a hemispherical form 
fitting the hollowed upper side of the ampliitropous seed. In a few species 
that are widely distributed, like F. capreolata^ F, inuralis and F. parti/fora^ 
the shape of the fruit varies considerably, but otherwise there is a general 
uniformity in each species. The fleshy nock-like base, particularly conspicuous 
in the subsection Capreolafoi^ disappears by shrinkage as the fruit drie«, and 
the apical profile is liable to change in some species at maturity or in the dry 
slate owing in some cases to the subsidence of a small mucronulu'*, or, 
in others, where this is larger and more beak-like, to its s[)litting and thus 
becoming retuse or emurginate. The rugosity referred to in the de.‘‘criptions, 
and also the apical pits, are only seen when the fruit is dry, and the former 
is sometimes ill-marked even then in fruits that have not reached maturity, 
A monstrous condition of the fruit, in which it becomes swollen to more than 
twice its natural size, occasionally occurs. This has been noticed especially 
in exsiccata of F, muralis from Madeira and in Spanish specimens of 
F. parviflora. 

From the regularity with which the more or less cleistogainous flowers in 
this genus develop fruit, it may be concluded that self-fertilization regularly 
takes place and that Fumitories are not dependent on insect visitors for their 
pollination. In the more northern regions of their I'ange, such as Britain, 
insect visitors are apparently rare ; but the flowers of F. Baatordii and 
F. muralis hav(' been observed to attract the liumble-bee. As might be 
expected under these conditions, the occurrence of bybiids is not common, 
and such as have been observed are almost invariably isolated individual 
plants that are entirely barren and evanescent. 
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CONSPECTUS OF SPECIES. 

Sbomon I. GBANDIFLOBA. 

L»*f.€e(jinen(8 flat and relatively broad, from broadly oval to oblong or lanceolate (except 
in F. Baim, F. Thuretii (partim), and F. Seuteri). Normal flower* large, at least 9 mm. 
long, exceeding those of F. nfieuinltt, with the wings of the upper petal reflexed upwards 
and the lower petal not spathulate (subspathulate in F. macrocarpa and obscurely so in 
K jReutm), 

Subsection 1. AGRARIiE. 

Peduncles rarely long; |)edicels usually stout. Sepals small or, more rarely, fairly large. 
Lower petal with spreading, more or less broad margins. Pruit usually large, coarsely 
rugose when dry. 

Series Eu-Agbarijb. 

Fruit distinctly keeled (except in F, Itallu)^ shortly beaked, mucronate or mucronulate, 

• Flowers white or rosy-white. 

1. F,agraria. Sepals small and narrow; inner petals only tipped with purple; fruit 

with Bubemarginate beak. 

2. F, atlantiea. Sepals small; inner petals only tipped with purple; wings of outer 

petals very broad; fruit mucronate. 

*3. F, ocddentalu. Sepals fairl> large; inner petals purple-tipped and wings of upper one 
similarly blotched; fruit with subemarginate beak; peduncles rather 
long. 

Flowers pink. 

I Wings of upper petal not clearly purple; inner ones purple-tipped. 

4. F, TupeBtm. Sepals long, lanceolate, outer petals with narrow margins; fruit 

shortly beaked, rather large or of moderate size. 

5. F, BaUii. Sepals very small, oblong; outer petals with brooder margins; fruit 

strongly mucronate, of moderate size; leaf-segments small and 
narrow. 

I! Wings of upper petal clearly purple like the tip of the inner ones. 

6. jP. mttjor. Sepals small; upper petal obtuse with broad wings; fruit subrotund- 

obovate, mucronulate. 

7. F.GaiHardvtiL Sepals larger; corolla smaller and paler, with upper petal subacute; 

fruit subrotund-quadrate, submucronulate. 

Series Orient ales. 

Fruit obscurely keeled, quite obtuse. 

♦ Fiuitiiig pedicels arcuate-recurved. 

8. F,JUibellaia, Flowers white; sepals fairly large; tip of inner petnls and wings of 

upper one purple; fruit of moderate size; peduncles long. 

♦ ♦ Fruiting pedicels straight, 

9. F.judaica. Flowers white; sepals small, oblong-lanceolate; inner petals only 

shortly tipped with purple; fruit large. 

10. F omnrysin. Flowers pink; sepals small, ovate-lanceolate; inner petals only obscurely 

tipped with piurple; fruit smaller. 

11. F, macrocarpa. Flowers pinkish, entirely without purple markings; sepals small, nearly 

linear; fruit very large, fduiost globular. 
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Subsection II. OAPREOLAIVE. 

Peduncles lonpr; pedicels usually stout with long bracts. Sepals large or of moderate 
^ise. Goi*ollu generally narr<iw with acute upper petal (tip of inner petals and wings of 
upper one pui*ple, except in I\ dubia and F, coccmea)^ and lower petal with erect and narrow 
margins. Fruit small to laige. usually, when fresh, with a distinct fleshy neck narrower than 
the dilated tip of the pedicel, and smooth to rugose \chen dry. 


Series E - C a i» ii k o l x t jk. 

Fruiting pedicels arcuate-recurved or patent. Fruit smooth or nearly so, not large. 

12. F, capreolata. Sepals usually large; corolla narrow, white (often flushed with pink); 

fruit obtuse or truncate. 

13. F. dubia. Sepals smaller; corolla narrow, pink ; fruit subacute. 

14. F. purpurea. Sepals usually laige and blunt; corolla broader and nior** broadly 

winged, pink; fruit broader and truncate. 


Series M a c ii o s K p a i. as. 

Fruiting pedicels suberect. Fruit rugose. 

15. F.macrosepula. Sepals very large; corolla rather narrow, white, dorsally flushed with 
red; fruit large, mucronulate. 

1(1 F.berberica. Sepals large; corolla broader and more broadly winged, white; fruit 
rather large, mucronulate. 

17. F. eoccinoa. Sepals of moderate size; corolla very narrow, almost wingless, red; 
fruit rather small, obtuse or subacute. 


Subsection 111. MUKALES. 

Peduncles short or of moderate length, long only in F. bicoior and F. septum. Pedicels 
usually less thickened above than in Subsections I and II (except in F. Thiovtii). Flowers 
pink, except in F. Incolor and JP. seinum , tip of inner petals pin pie. Sepals smull to fairly 
large. Lower petal with nan ow, erect or spreading margins. Fruit small or of moderate 
size, smooth to rugose wlien drv. 

Series S u u - A G u A ii i jk. 

Sepals not large. Margins of lower petal spreading. Fruit rugose. 

18. F. bicolor. Sepals oval, very small; corolbi white, becoming pink, inner petals 
only tipped with puiple; fruit small, densely rugose; racemes few^- 
flowered on slender peduncles. 

ID. F. Bastardit, Sepals oval, less small, serrate, wings of upper petal purple or not; 

fruit larger, less densely rugose; racemes man}-flowered on shorter 
peduncles. 

Series E u - M u ii a i. k s. 

Sepals mostly of moderate size. Upper petal with purple wings, lower one with erect or 
more rarely spreading margins. Fruit smooth or rugulose. 

♦ Margins of lower petal spreading; flowers large in many-flowered rac ernes. 

20. F. Munbyi. Sepals ovate, dentate; fruit very small, neaily smooth. 

21. F. Mariinii* Sepals oval, subentire; fruit of moderate size, nearly sui(»otb. 

** Margins of lower petal usually erect; flow^ers in shorter racemes 
(except in F. muralis subsp. ueylecfa). 

22. F, sepium. Sepals ovate or oval, 8ul)6ntire, fairly large; corolla rosv-white, large; 

fruit smooth, very obtuse. 
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Sepald ovate, dentate below (or in subsp. tiegleota subentire) \ corolla 
of moderate size or sometimes in subsp. Borai ; fruit smooth 
or nearly so, very obtuse or more rarely subacute. * 

Sepals nari’ow, ovate-lanceolate, subentire; corolla of moderate size; 
fruit smooth, shortly apiculate; leaf-segments narrow and peduncles 
\ery short. 

Sepals sub-rhombic, rather large, toothed mostly about the middle; 
corolla of moderate size; fruit rugulose, subacute-elongate; racemes 
suhsessile. 

Series Sub-Latiskpal.®. 

Sepals fairly large. Wings of upper petal purple; margins of lower one very narrow, 
erect or more rarely spreading with obscurely dilated apex. Fruit very small, rugulose. 
Leaf-segments narrower than in the preceding species, and flowers smaller in suhsessile 
racemes. 

26. F, ThuntiL Sepals ovate, obscurely repand-dentate; fmit ovate, subacute; fruiting 

pedicels usually arcuate-recurved. 

27. F, ReuterL Sepals broader, subentire; coiolla paler pink, with longer ^spur; fruit 

narrower, stipitate; fruiting pedicels patent; leaf-segments smaller. 

Section II. PABVIFLOEA. 

Leaf-segments fiat or channelled, relatively nanow, from oblong or lanceolate to linear or 
setaceous (except in F, montand). Peduncles usually short. Flowers not laige, not 
exceeding 9 mm. in length, very raiely larger than those of F, o-ffU'inalis and generally 
smaller, with the wings of the upper petal less reflexed upwards than m Section I and 
occasionally even patent; and the lower petal more or less spathulate. 

Subsection IV. LATISEPALAS. 

Bracts longer than the normally stout fruiting pedicels (except in F, ro 9 tellata). Sepals 
large, at least one-third as long as the corolla and fairly broad. Fruit very small to rather 
large, subrotund, nearly smooth to rugose when dry 

• Flowers white, without purple tip; peduncles rather long. 

28. JP. montana Sepals ovate-lanceolate; fruit rather large, rugose; leaf-segments 

broad. 

* • Flowers pink, with tip of inner petals and wings of upper one purple; 
peduncles short. 

I Fruiting pedicels arruate-recur\ed. 

Sepals oval; fruit very small, nearly smooth; leaf-segments narrow. 

!! Fruiting pedicels noimally erect-spreading. 

Sepals nearly orbicular, moie rarely o\ate; fruit of moderate size, finely 
rugose; leaf-segments narrow. 

Sepals ovate; fruit of moderate size, rugose; leaf-segments setaceous 
and flowers minute. 

Sepals broadly oval; outer petals ro^rtellate or at least acute; fruit 
rather small, rugulose; leaf-segments rather narrow. 

Subsection V. OFFICINALES. 

Peduncles more or less short. Bracts shorter than the fruiting pedicels (except in 
F. mwjwsfacAys). Flowers pink; sepals usually fairly narrow and not more than one-third 
as long as the corolla; tip of inner petals and wings of upper one more or less pui’ple. Fruit 
^of moderate size or very large, broad, truncate or retuse, rugose or rugulose when dry. 


29. F* KralikiL 

80. F. micrantha. 

81. F, bmrteosa, 

82. F, roiUllata, 


F. mumlu. 

24. F apkulata, 

25. F. Pettefi. 
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♦ Racemes usua% long, luauy-flowered ; pedicels not short; fruit of 
moderate size. 

S3. P. officinalis, Jlav'cmos 10-40 fld.; sepals o\ate or ovate-lanceolate; spur of upper 
petal rather short; fruit at most very shortly apiculate. 

34. P,cilictca. Racemes 30-80 fid.; sepals lanceolate; spur of upper petal longer and 
more curved; fruit shortly but conspicuously apiculate. 

36. F, Bomieri, Racemes very dense, with longer peduncles; sepals lanceolate; spur as 
in F, dlicica ; fruit with longer apiculus. 

* * Racemes short, few-flowered; pedicels short; fruit very large. ‘ 

36. F, micro8tachf/8. Sepals ovate; flowers smaller than in preceding species; fruit without 
apiculus. 

Subsection VI. MICROSEPAL.E. 

Peduncles short or obsolescent (except in F. mtstralis). Fruiting ])cdicels stout or slender, 
with variable bracts. Sepals very small or even obsolete, rarel;^ one-fnurlh as long as the 
corolla and always narrower than its tube. Tip of inner petals purple except in some forms 
of F, a8epala and F, pardflora. Fruit small or of moderate size, mostly subrotiind, very 
rarely broad, rugose or rugulose when dry. 

Series Ambigua:. 

Flowers pink, 6 7 mm. long; sepals l'6-2 mm. long; wings of upper pe'tal reflexed 
upwards, except in F, australis. 

87. F. ahyssinica. Bracts fully equalling the short fruiting pedicels; wings of upper petal 
obscurely purple; fruit subacute or obtuse, apiculate. 

38. F. amtralis. Bracts broad, much exceeding the short pedicels; wings of upper petal 
obsolescent, deflexed ; fruit subacute, apiculate ; racemes dense, long- 
peduncled. 

89. F. Janhte. Bracts rather shorter than the longer pedicels; wings of upper petal 
purple; fruit acuminate. 

Series K tt - M i (' ii o h k v a l m. 

Flowers pink or white, rarely exceeding 6 mm. Jong; sepals minute (-5-] *6 mm. long) or 
absent; wings of upper petal variable, 

* Flowers pink, with wings of upper petal reflexed upwards. 

40. F. Schleichcri. Bracts less than half as long as the long, slender pedicels; flowers deep 

rose, with wings of upper petal purple; fruit rather small, apiculate; 
plant slender. 

41. F. microcarpa. Bracts more than half as long as the short pedicels; flowers very small, 

lighter pink, with wings of upper petal puride; fi uit very small, 
apiculate; plant dwarf. 

42. F. indica. Bracts about as long as the pedicels or longer; flowers purplish pink, 

with wings of upper petal at most obscurely purple; fruit of moderate 
size, subtruiicate, rarely apiculate; plant robust with very decom¬ 
pound foliage. 

* *** Flowers pink, with erect-spreading or patent (rarely clearly purple) 
wings to the broad upper petal. 

43. F VaiUantii. Upper petal emaiginate with ascending spur; fruit of moderate size or 

rather small, obtuse, rugose; plant usually rather slender with linear- 
oblong leaf-segments and shortly peduncled racemes. 

44. F. Schrammii. Flowers smaller and paler, with eniarginate upper petal and deflexed 

spur; fruit smaller, apiculate, rugulose; plant usually slender with 
narrower leaf-segments and mostly subsessile racemes. 
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♦ ♦ * Flowers white (sometimes flushed with pink), with erect»spreading, 
patent or deflexed wings to the broad upper petal. 

45. F. asepaia. Sepals usually wanting; outer petals both emargiuate, with no purple 

marking; fruit apiculate, rugulose; plant slender, with ilat, linear* 
oblong leaf-segments. 

46. F. pmrrfiom. Sepals usually present; outer petals not emargiuate, the wings of the 

upjwr usually with a purple bloioh; fruit often subacute, rugose; 
plant robust, usually with channelled, linear leaf-segments. 

8ECT10 J. GRANDIFLOEA. 

(rrandi/fovir^ Pugsley, Fumaria in Briiain, 5 (1912). i^apreolaVv ot 
A<jmria\ llainmar, Mon. 24 & 37 (1857) ; Lallsectn\ Haus&knecht in Flora, 
Ivi. (new series xxxi.), 513 (1873). 

Foliorum Ijicinia? planar, late ovales usque ad angu.<te oblongaj vel 
lanceolatio (in F, BalHi, F. Tliuretii (partini) et F> Keuteri angustiores), 
ssepius niucrouata*. Flores uormales quam in F, ojficwali^ L. niajores, plus 
9 min. longi; petalum superius apice superne gibbum efficit, cujus inargines, 
sicut ala5, valde sursuin reflexi (raro erecto-patentes) sunt; petalum inferius 
apice iiiferne gibbum format, qui inargines erecfcos vel patentes nunquain 
apice abrupte dilutatos habet. Petala interiora angusta apicem versus plus 
miniisve sursum curvata. 


8FBSBCT10 J. AGlEAEIiE. 

J^ 7 rana?,Haussk. in Flora,Ivi. 550(1873); Pugsley,Fum. in Brit.42(19J2); 
Uamm. Mon. 37 (1857), ut sectio. 

Pedunculi breves aut longi podicellis pleninique apice mnlto incrabsatis 
priediti. Bracteic longiiudinis variabilis, sjepe tenuiter acuminata'. Se])ala 
plus ininusve dentata, raro corolla) tertia j)arte longiora vel ojus tubo latiora. 
Petala exteriora obtusa vel subaciita; inferius rnarginibus patentibus latius- 
culis qui superne nonnunquam paulum dilatati apicem attingunt. Fruetus 
saspissime quam in aliis subsectionibub majores, nonnunquam maxiini, semper 
siccitate plane tuberculato-rugosi. 

In this subsection the varied development of the purple colouring about 
the apex of the corolla is characteristic of the ditferent species. F. major, 
F, Gaillardotii, and F» fiahellata have the tips of the inner petals and the 
wings of the upper one entirely purple, F, occidentcdis is similarly marked, 
except that the purple wings show clear, wliite margins; in F. riipestris 
the colouring of these wings is obscure and inconstant. In F. agraria, 
F, atlantica, F, Ballii, F. judaica, and F. amargsia the inner petals only are 
purple-tipped, although in the first-named species the wings of the upper 
petal often become suffused with a dull rose-colour. In F, judaica this dark 
tip U distinctly contracted towards the apex, and in F, amarysia it becomes 
both short and obscure. Finally, the purple colour is entirely absent in 
F. macrocar pa. 
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With the exception of F. flahellata^ Ihe plants of this subsection generally 
show somewhat narrower leaf-segments than the Capreolatw and the series 
Eu^Murales of the Mvrales, 

* Series Eu-Agrariae. 

Fructfts plane carinati {F, Ballii excepta), breviter rostrati, iimeronati 
vel inucronulati. 

1 . Fumaria agraria, Lagasca, Eleiichus PI. Hort. Mairit. et *Geii. Spec. 

Ph Nov. 21 (1816) ; Hamm. Mon. 38, excl. var. major (1857) ; Haussk. 

in Flora, Ivi. 555 (1873) ; Willkomni k Lung<‘, FI. Hi^p. iii. 881 (1880). 
(PI. 9 , % 1.) 

Icon, Hamm. l,c, tab. iv. 

Exsicc. Porta & Rigo, Iter II Hispanicum, 1890, No. 228, C/artagona ! 
Bourgoau, PI. d'Espagne, 1849, No. 21, Seville I Bourgean, PI. d^Flsp. et 
de Portugal, 1853, No. 1756, Al«rarve! Balansa, PI. d'Algerio, 1852, No. 
628, Mostaganoin! 

yS. manntanica^ Haussk. /. c, 555. 

Exsicc, Bourgeau, PI. (FAlg^rie, 1856, Tlemceu, in Hb. Bois&ier, ut 
F, a<iraria ! 

Bracteis pedicellos breves (circa 3 mm. longos) sulwquantibns, b(‘palis 
angustis (5 mm. longis, 1 mm. latis), lanceolatis, integriusculis, longe 
acuminatis a typo differt. 

Wolley-Dod, FI. Oalpensis, No. 240, from Algecirns, seems to approach 
this variety. 

7 . chilensis^ Parlatore. Mon. Fum. 73 (1844) ; Haussk. Lc, 556. 

This variety, which seems scarcely separable from the specific t}pe 
except for its smaller and more markedly beaked fruits, occurs occa¬ 
sionally in Spain, as may be expected, as ^^ell as in Chili and Peru. 
Judging from herbarium material, it is by no means the prevalent form 
of the species in South America. 

There is a Portuguese example of F. agraria in the Sloane (/ollection in 
Herb. Mus. Brit. (H.S. 326/1549) labelled F, latiore folio spica laxiore e 
Lisbon F 

Lagasca^s diagnosis of this s})ecies is meagre and unsatisfactory, but 
Jordan, in dealing with F, major^ Bad. (Pugillus, p. 6 ), describes an authentic 
specimen in De Candolle’s Herbarium which leaves no doubt respecting its 
identity. It is to be regretted that this fine fumitory has apparently never 
been adequately figured. 

F, agraria is almost unique among the (irandiftorw in the form of its upper 
petal which, while much dorsally compressed and very broad about the apex 
with erect spreading wings, is remarkably narrowed towards the base and 
terminates in a relatively small and laterally compressed spur. Another 
notable feature, only seen in the fresh state, is the yellow colour which 
pervades the base of the corolla almost till maturity. This pcculiaiity i& 
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correctly noted in Hammar^s diagnosis as “lutescentia,” and the relatirely 
dull tints characterizing the flowers of this species are probably due to this 
yellow suffusion of the rosy-white corolla. 

A further distinctive feature of F* atjrana is the polished surface of the 
dried fruits and their extremely shallow apical pits. 

Of other described forms of this ])lant Haussknecht’s var. ahjerica^ as 
represented in Herb, Kew, belongs to F. major^ Bad., as might be expected 
from the remarks respecting the sepals. 

An authentic specimen, also at Kew,o£ vai. c/afa, Ball in Journ. Linn. Soc. 
xvi, 315 (1878), which the author suggests may be identical with jP, rupestris 
var. Boiss., has the aspect of a distinct, small-flowered variety of 
F. atjrana^ but as its fruit is now missing, furiher confirmation is desirable 
before this can be established. 

F, a^mWa subsp. il/cnnoi, Pan ap. Meiino,Fl. Cialicia,Suppl. iii.508 (1909), 
seems from its description to differ essentially fiom the type only by its 
linear-lanceolate sepals; and hence it is perlia])s a form of H«iussknecbt’s 
\ ariety mauritanica. 

Material of F, agraria has been observed from Spain, Portugal, Morocco, 
Algeria, Tunis, and Sicily, as well as troiii South Ameiica, where it seems to 
bo extensively naturalized. 

2. Fumakia ATIiANTICA, ( ^osson & Dm ien ap Hau^'-k. in Flora, l\i 558 (1873). 
F, agraria 7 . atlantica^ (^ossoii, Pom|). FI. Atlaiit. ii. 90 (1883-1887), 
non Ball. 

Exsiev. Bourgean, Tizi Tsennent, Algei, 1850, et cull., in Hb. Boissier ! 
E. G. Paris, Iter Boreali-Africanum, 1809, No. 205, kSuH Mecid, in cultis, 
(^onstantina, ut F, agrarial (^osson, Djebel Zaghouan, Tunis, 1883, in 
Hb. Kew I 

Fumaria annua, rolnista, foliis irregularitei 2-3-pinnatisectis, foliolis in 
lobos oblongos aciitos vel iiiucronatos fissis. Ihuemi sub-20-flori, 

pedunciilos luediocres vi^x superantes. Ihwtea linearl-oblongie, cuspidata3, 
pedicellos 5-6 mm. longos erecto-patenteb jjauliilum incrassatos subaguantes, 
Sepala 3-4 mm. longa^ l'5-2 mm. lata^ ovato-Ianceolata, acuminata, parce 
irregulariter serraio^dentata^ albida, nervo doisali angusto rubicundo, corollm 
tubo^angustiora. Corolla majLima, 14-10 mm, longa^ tobeo albida; petalo 
superiore obtuso, lato^ alis albidis latissimis brevibus piitenti-reflexis apicem 
ttttingentibus et calcare breviusculo piajdito; petalo hjeriore obtuso margini- 
bus latissimis (4-4*5 mm, lato) patuHs albidis apicem attingentibus siib- 
spathulato; fpetalis interioribus sursum cur\ at is apice atropurpureis. Frueftis 
maofimi^ 3*5 mm. longi, 3 mm, lati, subrotundo-^obovati, carinati, cum mucrone 
distinoto jiersistente obtusiuscuU et inferue angustati, in sicco apicis foveolis 
latis obscuris dense tuherculato^rugosi. 
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/8. platyptera^ var. nov. 

Exsicc, Keverchon, Planies d’Algorie, 1898 (Kab}lie), No. 3, lit F. rayan^s^ 
Jord.! 

A typo differi hraeteis bre^iorilms podicello^ diniidio^ vi\ superaritilms, 
floribus paulo minoribus, et ])ra\sertini /ntdihuh mitito miuorihus circa 
2*75 mm, loiigis ac latib cum mucrone brevi'^simo ohtusissinus, 

Ha‘C species, qu£p Algerian! et Tuiiisiam habitat, per flore‘' jiallidos maximos 
et petalorum exterionim (pra'sertim inforioris) alas lati^simas notabili'^ esi. 
A F, ayrorhi sepalis tenuibiis angustc^ cariiiatis, corollis hitioribii^ fructuqiie 
phis miniisve imicronato donsiiis rugoso differt. F, inajov^ Bad. corolla 
angustiore alis atropurpiireis reflexis ros<»a et fructibus minoribus obt^Isioribu^ 
pra}ci[)iie distinguitiir, sed quod ad fmet am iiertiiiet, varietati plaiypieviv 
siinillima cst. 

The diagnosis of this fumitory, the finest-flowered of all the genus, is 
based on Boissier’s sjieciniens, together with (Josson’s pl.int at Kew, the 
E. G. Paris examjde in Herb. Miis. Brit., which shows extremely fine flow'ors 
but unfortunately no fruit, and ]{everchon\ ])lant in Mr. ('. Bailey’s 
collection. The last-named bears fruit more like that of V, major than of 
Boissier’s type, but the Kanaikably bioad wings and tlu* coloniing of its 
coiolla render it impossible to mistake its elo'^est affinity, and it is theieloie 
placed as a variet> under F, atlaat'na. 

3. Fumauia occiDFNTAiJb, Pugsley in dourn. Bot. \lii. 217 (1904); 

Finn, in Brit. 43 (1912). 

Jeon, Journ. Bot. Le, tab. 462. 

Ejtsiee, Diirfler, Herb. Norm. No. 1814 ! 

This Species is perhaps the vahjari,s (oruhends alha (sic) of Paikinson 
(Theat. Bot. 287 (1640)), noted as growing in cornfields in (Wnwall. 

In addition to the characters already given wheieby this jdant may be 
distinguished from F, aff)(uia, Lag., it maj lie remarked that the colour of 
its corolla is a clear rosj-vNhite, quite without tlie }ellow and gieyisli tints 
which mar the biightness ol the flowers of LagascaS plant, and its upper 
jietal i*^ less obtuse with the wings distincth leflexed upwards as in F. major^ 
Bad. 

4. Fumaria iiUPESTiiis, Boissier Reuter, Pugillus, 4 (1852); Hamm. Mon. 

40 (1857) ; Haubsk. in Flora, Ivi. 556 (1873). 

Ivon, Hamm. l,c, tab. 6 (mala). 

Exske, Boissier & Reuter, lt<*r Algeriensi-hispanicum, 1849, Tlcmcen, in 
Hb. Kew ! Warion, PI. Atlant. 8el., 1878, No. 112, Tlemoon ! Reverchon, 
PL de LAndalonsie, 1890, No, 569, Ronda, ut agraria ! 

Boissier’s var. la^ra {F, arundana, Boi.ss. ap. Willkomm & Lange, FI. 
Hisp. iii. 880 (1880)) appears to have been described from a '^hade-foiin, 
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SpecimenH collecte/l at Rondo by Mr, C. Bucknall in 1907 do net accord with 
Boisaier^s diagnosis and seem indistingui^iliable from w'ell-grown African 
examples. 

Hausskneclit^s forms diffnm and //wiimsa (Flora, Lc,) also appear to be 
bhade^forms, and it may indeed be doubted vliethor Boi^sieFs original 
account of the species was taken from a normal plant. 

In well-grown individuals, the corolla of F. rnpestns is pale pink, with an 
occasional sufFusion of purple in the wings of the upper petal. When shade- 
grown, it becomes whitish, with the purple colour confined to the tips of the 
inner petals as in F. agraria. 

F, rupestris is remarkable among the Agraria for the narrov\ ness of its 
corolla and the wings of the outer petals, and on thi^ ground alone might be 
placed with almost equal propriety with the AJiimles near F. Jiastardii. Its 
fruit, however, although not very large, is of markedly Agrarian form. 

F. rupesfns var. maritima^ Battandier in Bull. Soc. Bot. Fr. xxxii. 336 
(1885), is apparently referable to F. hicolor^ Sommier. 

5. PUMARIA Ballii, sp. nov. (PI. 10.) 

F, agraria subsp. teimisecta, Ball in Joiirn. Bot. xi. 297 (1873) ; Spic» 
FI. Marocc. in Journ. Linn. Soc. xvi. 316 (1878). 

Fxsivc. Jl Ball, Iter Maroccanum, Ait Mesan, 1871, in Hb. Kew I 

Fumaria annua, ut videtur, hahhn laxiuseulo et satis rot>Ksto. Folia pallide 
virentia, irregulariter 'S^-i^piaiKUisecta, foliolis in lacinias parvas planas 
angustas lineari^^ohlongas acntas vel mucronatas fis«,is praedita, JtacemI 
laFiusculi muhtjfori (15~25-flori), pedunndos l)re\ os malto superantes. Bracteiv 
lineari-lanceolataj, obscure serrata*, tenuiter acuminatte, pedicellis fructi- 
feris erecto^pateiitilms longiusculis apicem versus modic(‘ incrassatis dimidio 
ffreviores^ sed infiiufc interdum paiilo longioros Sepala minima, circa 2 mm, 
longa, 1 mm, lata, ohlonga, acuminata, ohscnie deniafa^ prseter nervum 
angustum viridiusculum rosea, in fructu junioro persistentiu. Corolla 
12-14 mm, longa, rosea, ut in F, rnpeatri aiigusta ; petaJo superiore alts roseis 
reflexis carinam vix superantibus sed apicem attingentihus et calcar tenue 
versus longe productis ohtuso ; petalo infeiiore obtusiusculo marginihus 
lathiscuHs pafnlis ajiicem attingentihus ; jietalis interioribus sursum curvatis 
apice purpureis. Fnrctds madid, sine mucrone 2*5 mm. longi, 2 mm. lati, 
sabroUuidi, obsolete carinati, oUvsinsadi et persistenter grosse mucronafi, 
inferne inulto angustati, siccitate apicis fo\eolis obscuris sed latiusculis 
dense sed tenuiter tnherculato^rngod, 

Hsoo Fumaria distinctissima quse subsectionis Agrariamm flores fruotOsque 
kabet^ per folia decompositii eis F, Kralikii et F, micrantluc similia mirabilis 
est. Inter affines F. rupestri proxiina est, se<l prseter foliorum differentiam 
bracteis brevioribus, sepalis minimis et fructibus minus rugosis, grosse 
mucronatis potius quam rostratis, facile distinguitur. 
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F, Ballii in Mauritanin habitat, nbi cl. eT. Ball in regione inferiore 
Atlantis Majori«^ in eonvalh^ Ai't Mesaii ad 1400 m. ^pocinien nnicuin logit. 

This remarkable and very rare Fumitory lias be(‘n named after its 
discoverer to avoid confusion with F.tentnseda Sym(‘, Eng, Bot, ed, 3, i. 113 
(1863). 

The accompanying plate has been drawn from the single known specimen 
in Herb. Kew. 

6 . Fttmaria major, Badarro in Moretti, Bot. Ital. i. 10 (1826) : Jor<lan, 
Pugilliis, 6 (1852) ; Hanssk in Flora, Ivi. 552 (1873), ex parte ; l{ouy& 
Foucaud, FI. France, i. 176, ut forma F, uijrarui (1893). F, ograrxa /S. 
major, Hamm. Mon. 38 (1857). 

F, major Jlorihvs dilate parpureis^ Magnol. Hort. Monspel. 82 (1697). The 
Sloane Herbarium contains, under Magnol’s nanns tw^o s|>eciinens of this 
species, H.S. 58/146 k H.S. 166/322, the former from Montpellier, 

Icoxi, Beichb. Plants Criticjc, i. I-IIS, No. 1222. 

Ejeaicv, Billot, FI. (1. & G. No 3308 ! Rociete Danphinoise, 1880, Nos, 
2354 ! et bis ! 

Fumaria annua, robvsfa, basi ramosa, internodis longis laxa et diflfusa, raro 
petiolis cirrhosis scandens. Folia irrogulariter 2-3-pinnatisecta, Ibliolis in 
lobos oblongos acutos vel mucronntos Hsms pnedita. Faremi plus mim]s\e 
laxi^ 10-20- (raro plus 15-) flori, pedanmlos sa»pissinie bro^ iusvwlos ^iq^eraates^ 
liractea lineari-oblonga', apiee interdum serrulatic, cuspidata? a el aciiminatas 
pedieellos fructiferos aj)iee incrassatos suheredos \ el patenti-erectos sahayaaates, 
ISepala eis F, officinalis similla, 3-3*5 mm, I mga, 1*5—2 mm, lafa, ooato^ 
lanceolata vel ovatii, \i\ peltuta, acuminata, irreguluritcr incho-dentala^ prcCter 
nervum dorsalem rubicundum rosea, corollfc tubo angiistiora. Corolla xnapna, 
12-14 7nm, longa, rosea; petalo saperiore obtiiho, lato, dorsum compn's^o, 
calcar deflexum \ersus sulcato, alls intense atropurpareis reflexis brevibus 
apicem attingentibus et carinam multo exccdentibiis pncdito ; petalo inferiore 
marginibus laiis putalis roseis apicem attingentibus obtuso et sjepe sub- 
spathulato ; petalis interioribiis sursum cur vat is apiee atropur])ureis. 
Fntdus magni, 2*5-3 mm. longi ac lati, snbrotundo’-oborati, obfasi^ssimi a el 
subtruncuti, nun macronalo interdum obsolete carinati et pauhilum compressi, 
in vivo inferne in stipitem obsoletum pedicelli apicem subiequantem angustnti, 
siccitate apicis foA^eolis latis obscuris dense taberealato-ragoCi, 

fi, spedabilis, Rouy, Suites a la FI, de France, i. 31 (1887). F, spedabilis, 
Debeaux, Recherches FI. Pyr.-Orient, i. 20 (1878) ; Rouy & Foucaud, 
FI. Fr, i. 176, ut forma F, agrarnv (1893). 

Fvsiec* Magnier, FI. Selecta No. 2387 ! 

A typo difFert folionim segmentis angastioribas lanceolatis vel lineari- 
oblongU ; racemis densioribnsj corollu pallidioi ibus mmoribuh (circa 12 mm. 
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longis) petalo superiore angustius alat» npiculato ; fnictibus obsolete 
mocronulatis. 

Of/’, spectahhs^ llischoff, Del. Sem. Hoit. Bot. Heidelberg, p. 4 (1849), no 
authentic specimen has been seen, but plants raised from seed received from 
Jordan under this name seem identical \^ith the narrow-leaved Pyrenean 
form descubed by Debeanx and other French author^. 

Although Bisehoff says of his P, ,speciabiUs “patria ignota,^’ Jordan 
(Pagillus, p. 6 ) states that it is indigenous in Istria and South Italy—an 
assertion copied by later wliters. The examples seen from these countries, 
howe\er, apjiear distinct from the French F, spectabilis md identical with the 
allied forms inhabiting Gieece and S}ria. These are separated as a species 
under the name of F. GaiUardotii^ Boissier. 

7 . algerica^ var. nov. 

F, agraria var. algerica^ Haussk. /. c*. 555 (1873). 

FrsicL, Bourgeau, PI. d'Algerie, 185t), Maison (^arree, Alger, Cosson, 1854, 
ut F. agrama I Reverchon, PI. d^Algcrie. Kab^lie, 1896, No. 3, ut muraUs^ 
[The sheet of this in Heib. Zurich is a mixture of the true plant with 
F. flahellata^ Gasp.] Societe Ihinphinoise, 1871), No. 286 bis, nt F. agrarial 

Folionim segmenta quam typi paulo angustiora. liacemi primo densi 
tandem elongati, multiffori (ssppius ])lus 20 -, nonnunquam 40-flori). Bractese 
jiedicellis longiuscuHs ( 5-6 mm. longis) broviores. Sepala 3-4 mm. longa. 
(^orolla speelosa, 13-15 inin. longa, injeriore margnubvs quam in typo 

latioribus usque ad 3 min. lato. FmctTis ohiustuisddi potiiis quam obtusissimi 
mucronulati. 

It is not easy to understand why Haussknecht placed this showy African 
plant under F, agtaiia. Not only by its pink, dark-tipped flowers, but 
through its toothed sepals and its denscU tuberculur-rugosc fruits it is closely 
related to the plant of Badarro. 

Of the specific type two forms, peihaps >aiietally distinct, seem to be 
widely distributed in the Riviera : one a dwarf, compact ]>lant, with relatively 
small flowers and fruits, the former \er} dee]»ly coloured; the other a 
stronger, laxer form, wilh larger but lighter-coloured flowers in laxer 
racemes, and larger fruits. 

When growing, the rich pink, almost black^tipped flowers of F. major are 
very handsome. 

Hybrid individuals between this species and F, capreolata, apparently 
quite barren, have been collected and distributed from the South of France 
under the name ot F, Burnatiy Verguin in Rouy, Rev. Bot. Sjst. ir. 122 
(1904). 

The range of F. major extends from Western Jjiguria across the South 
o£ France into Catalonia; the var. spectabilis grows in Narbonne and the 
Eastern Pyrenees, also in South Russia (Astr^akan, Becker, 1876)); the 
Yur. algerica in Algeria. 
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7. Fumaria Gaii.lahdotii, Bois^ier, FI. Orieiih i. h\ majoi\ 

auct., ox parte, non Badarro ; F, spectain1h^{\\\v\ ox pjirto, non Bischoff? 
F, drepanensls^ Lojacono Pojoro in MaljnVliia. la^^o. ii. iii. 110 (1000). 

Exslcc, Noiigebauor, FI. Exsicc*. Austro-Hungarioa No. 2t<y8, iit F, major I 
Heldroich, Herb, FI. Hellonicfo No. 08.ut F, nHijor\ Todaro, FI. Sieula Exssicc. 
No. 222, ut F, major ! 

Fumaria annua, rohvsilssima^ int<irnodis longis paroo ramosa, diffusa vel 
potiolis cirrhosis scandcuis. Folia irroonlaritor 2~3-])innatiseota, foliolis in 
lobos cunoiforiiios inucronatos, oblongos obtusos vol rariiis laiicoolatos acid os 
fissis. Racemi laFiKscaU^ 10-10- (s{o|)iu«> 10-12-) flori. peduncalos crasso** 
saperantes, UraHetr ohJoo(ja\ ous|)idata% pnctor ncr\ inn Airidiii^'CiiInin albidae, 
pedicellos fnictiferos suhrreclos apicc^ vahO* imraaMitos ,suho (jiuinies. Sepala 
3—1 onn, lonpa^ drra 2 nua. /a/n, onda^ ]>oltaia, acuta, plus ininusvo inciso^ 
dentata, praet(‘r norvum dorsalciu obsciiriiin albida, corollic tubo a‘(juilata. 
(\>roUa 10—12 (rarius 13) mni. lomja^ pallide rot^eax julalo soperiorr obtu,siuiiruJo^ 
calcare adscendento ot alis atropKvjna eh rcfl('>is a])iconi ai I ingontibiis 
carinamquo ]>aulo oxcodontibus ^u-jcdito ; jndalo inferiore nanpialhas latiuscidh 
patalh roseis apioeni vix atiingentiluis subaculo ; potali'^ intorioribiis snrsuni 
curvatis apice ah*()j)iir])iirois. Fracfds niapid, 2*5 inni. longi (*t panlulnin 
latiorcH, s^ibrotando-qaadraii vol subrotimdi. obt}(sh,dmi triincati \ol raro 
siibeniarginati, obsolete mucroinUati ol carinato-coinpi(‘s^i, in aIao, ut 'Nitlotiir, 
in stipiteni quain podic(dli a[)ox nuilto angusiionun abrujdo anoustati, siecitato 
apicis foveolis iiiodiocribus obscuris dense taber( abdo-) tajosi. 

Ha*c species F, majori^ Ba<l. 'salde attiuis ost, sod didert babitu etiam 
robustiore, pedunculis pedicellisque cias^ioribiis, bract(us s<‘})alis(jue latioribus, 
corollis pallidioribus ininoribus petalo snperiore angu'-tius alaio calcareque 
majore proeditis, et fructibus subrotnndis potius (juain obovaiis inagis 
carinato-compres^is foveolisijuo ininoribus notati^. 

F. flf^mWa, Ijag. prader floris inajuris coloia in foiinainque sepalis pluj^ 
minusve lancoolatis apice Mibiide^»ns din ])orsist(‘nlibiis ot fnictfis ^a]dc 
coinpressi carina in rostiuin einarginalnin ))r()dni‘ia facili* dignoscilur. 

Floris colore et inagiiiludino, sepalis inajoribus, fructibiis riduse rosiratis 
F, occidentalism Pugsley, etiam diver.sa est. 

F, rapesfris, Boiss. doril>us aiigustis, so|)alis longissimis ot fructibiis 
aciitiiisciilis ininoribus ouin F, (hiillardotii con fundi non potest. 

F, (raillardotii in Syria, in Eg>plo, in < Vota (lleldreicli, Horacleuin. 1840, 
ut F.fabellatal), in Gneciii. in Dalmatia, in Istria, in Sicilia ot forsan in 
Italia australi invenitur. 

F, Gaillardotiim although obviously near F, major and generally united 
with it by recent authors, seems to be a more Eastern ])lant which is specifi¬ 
cally distinct owing to several minor but constant points of di\ergenco, and 
especially by its different sepals and corolla. In spite of its Mide distribution 
it appears to show little variation, except in the breadth of the leaf-segments, 

LINN. JOURN.—BOTANY, VOL. XLIV, Z 





MR, H. W. RUOBLEY ; A REVISION OF THE 


and ils general aspect is that of a coarse and rampant F, major with remark¬ 
ably poor floweis. It is notable that neither Boi‘'Sier nor HaMc^y lecognizes 
the identity of the Greek with the Syrian form. 

There is a specimen of this plant in Herb. Mus. Brit. ‘‘ F, agraria, Lag,— 
In arvis pio])e Nebi-Seidonc, circa Sidonein Syricc, <1. K1 Martii, 18C0, coll. 
Gaillardot.’' 


Series Orientales 

Fructfts obscure curinati, oiniiino obtusi. 


8 . FrMAKiA FLABKLLATA, Gasparrini in Rendic. Aecad. Scien. Napoli, i. 51 
(1842); Hamm. Mon. 41 (1857); Haus^sk. in Flora, Ivi. 542 (1873). 
F, alea:an(Jn7ia^Gs\Hp, in Rendic. Accad. Scien. Napoli, i. 50 (1842), non 
Ehrbg. ex Haniinar, pro parte; F, eapieolata Aar. ^8, Parlatorc, Mon. 
Fuin. 77 (1844) ; F. Oasparrum, Bubani. FI. P\r. iii. 27C (1901)? 

Jeon, Hamm. L c. tab. 5, 

Exsice, Todaro, FI. Sicula BK^^iee. No 221, Palermo! Reverchon, PI. 
d’Algerie, 1896 (Kabylie), No. 103, ut F. lapreolaia ! 

This beautiful fumitory, which beau^ a re**ejnblanc<* to (apreolata owing 
to its long-peduncled racemes of white, daik-tipped floweis born(‘ on recurved 
pedicels, is included by Haussknecht with his Capieohifa, Since the corolla, 
however, is distinctly Agrarian in foim, it seems prefeiobleto follow^ Hammar 
in placing it here. As in F, tapreolata, the pedicels are frequently straight 
in shade-grown plants. 

J\ Jfahellata is very finely repiesented in the exsiccata *‘Re\erchon, 
PI. d’Algeria, 1896 (Kabylie), No. 103,” as J\ mprevlata, 

F. alexandrinay described by Gasparrini, seems to be a lampant form of 
this species, as identified by Parlatoie. Gaspai rini, w hoH‘ tj pe of F, fiahellafa 
appears ro be a dw’arf form from a native habitat, did not recognize that tlu' 
two plants were eonspecific. 

]^\ ambujua, Lojacono Pojero, FI. Sicula, 62(1888), is rediic(‘d bv Nicotra in 
Le Fum. Ital. p 60, to a variety /9. amhigna of thib species, diflering from 
the type by its rosy flowers and larger fruit-. Authentic material of this 
plant has not been examined. 

Examples of F, fiaheUata ha\e been noted Irom South Italy, Sicily, and 
Algeria, but none from Spain. The specimens met with under this" name 
from Tstria and Dalmatia have proved i eferable to F, capreoUita, F. Gaillurdotii 
or F, judaica, hut a Dalmatian example (Bottoii, Caz/iol!) exists in Herb. 
Mas. Brit, under the name of speciosa. 

An unnamed, fragmentary plant in Heib. Kew, collected by Miss R. A. 
Baiubridge in South Morocco in 1907, resembles F, jiahellala in its large, 
whlt<s dark-tipped flowers, but its pedicels are straight and such fruits a^it 
shows nearly smooth. This may prove to be an undesoribed species. 
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9. Fumarta judaica, Boissior, Diag. PI. Or. ii. No. 8, p. IT) (1^54^0 ; Ilaussk. 

in Flora, Ivi. 551 ale.randritui^ Ehr])g. i*x Hamm. Mon. 43 

(1857). 

Icon. Hamm. Lc. tab. 5, iit F. alexandiina. 

Ecssicc. Bornmuller, Iter Svriacum, 1897, No. 4tb Jaffa \ Letonrneux, 
PL iFIgyptiacae, No. 231, Mariout! 

8. insujnis^ var. nov. 

Exsirv. K. Untcbj, Kaiservvald, Pola, 1904, nt F. jUiheUatn ! Pichler, 
Dalmatia, in agris circa Spalafo, 1870, nf F. (ufnuia (pai lini) ! 

Racemis jiaucjifloris pedunciilos suba'qiianribuK, flinihus nndfo majorihus 
(12-13 mm.longis) petalo superiore latiiisalato Mibacnlo el l)r(‘^iler rostellato, 
fructibns siibrotundis apice ai»rii])te tnii’catis obsolete lb\(‘o]alis ^ine niaculis 
nigris a typo differt. 

Hjoc pulcbra varletas liabifat in Jsfria, prope Polani, et in Dalmatia, circa 
Spalato, iibi ox Egyjito ant I’alesiinTi forsan introdncta eM. 

F. fiahellaia longe distat pediinculis longioribus, pedicel I is rnictiferis 
arcuatis recnrvis nec erecto-patmitibus, sepalis inagnis oMpis, et petali 
superioris alis atropurpnreis nec albidis. 

In tlie case of F. judaica^ IIammar^s description, tlioiigh taken from the 
li\ing plant, seems unsatisfactory respecting tbe cal\x and tli(‘ fiuit. All tlio 
specimens examined show very small, oblong-laneeolate sei>aIs, as described 
l)y Boissier and Haussknecbt, and while tbe fruit vaiies in the development 
of its keel, no niucronulus has been observed in any dried example that 
has reached maturity. A feature of the fruit hitherto unnoticed is the 
conspicuous tubercle at the base of the inner apical pit. (xood dowers aie 
very frequently lacking in herbarium material of this species (especially of 
the Egyptian plant), and it is probable that tin* Syrian and Egyptian forms 
are not exactly identical, the frniring p<‘dicels in the latter (the form 
described by Hammar) being di^inctly shorter. It may also prove that 
F. judaica occurs in (Ti-eecc and has been confounded with the following 
species. 

An exam])le in Herb. Mus. Brit, from Central Africa (Oudney, Denham & 
(Uai)perton, 1822-4, as F. officiiudla !) is seemingly referable to F. /ndaira. 

10. Fumakia amarysia, Boiss. & Heldr. in FI. Orient, i. 138 (18(57) ; llaussk. 

in Flora, Ivi, 550 (1873). 

Exsicc. Heldreicb, Herb. Gnec. Norm. No. 817 ! 

Fumaria annua, parce ramosa, la.va^ diffuta vel petiolis cirrhosis scandens. 
Folia irregulariter 2-3-pinnatisecta, foliolis in lobos oblongos mucroiiatos vel 
lanoeolatos acutos fissis, infiinis breviter j)etiolatis. Farevti laxinacull, sa3pius 
10-15-flori, pedunculos snhwqumdes. Bractea' lineari-lanceolata*, acuminate, 
pedicellu mediocribus apice aliquanto iucrassatis fructiferis .wherectis panto 
hreviores* Sepala l'5-2 mm. lonpa, 1 vim. lata, ovatodanceoiata, acuta, vix 
peltate, piwtf minusve dentata, pra?ter nervum dorsalem rubicunduin rosea, 
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oorollee tubo multoan^ustiora. Corolla 0-10 mm. longa^ pallide rosea] petalo 
superiore dlis roseis roflexis carinain snperantilms apicem atUngentibns et 
calcar versus longe prodnctis ihtmo; petalo mferiore marginUms latis patulis 
roseis apicem vix attingentibtis subacnto, saepe libero deflexo; petalis 
interiorihns sursuin curvatis, breviter et obscure apice atropurpureis. FractHs 
majvsculi^ 2*5 mm, longi et paululnm aiignstiores, hveyiior suhrotundo-ohomti^ 
superne siibtruncafi et inferne angnst.»ti, ciiiina obscnia paulnlum compressi, 
in siceo apieis foveolis obsouris tvheraflato-rugosi. 

Hfiec species proxima est F.judaua^ cujus forsitan mera varietas sit, sed 
F.jndaica differt habitn robtistiore, pedieellis viilgo ]ongioribu« apice magis 
incrassatis, sepalis oblongo-laiiceolati*^ aeuminntis basi solnm dentatii*^ corolla 
raajore albida ncc rosea, Inictibus majoiibus nitidis evidentius tnberculato- 
rugosis. 

F matrocarpa, Pari, enjus corolla ei F. amargmi subsimilis e-^t fructibns 
maximis globosis longe recedit. 

F. Fa&tardii^ Bor. snbsectionis Muralium^ pio qini cl, Boissier primo 
F. amarf/siam habuit, petali inferioiis marginibus angustis ])ra‘sertim sed 
etiam bracteis brevioribu®*, sepalis majoiibus seiratis, tinetibus subaentis vel 
obtusis nee vero subtruncatis plane differt. 

Hmetenus F. amarysia in GnceiA soI«l inveiita est 

11. Fumaria maorocarpa, Padatore, PI. Nova*, 5 (lt<42), et Mon. Fum. 

143 (1844) ; Hamm. Mon. 45 (1857) ; Ilan^^dv. in Flora, hi. 559 (1873). 

F. megalocarpa, Boiss, & Spiunn, Diag. PI. Oi. i. No 1, j). (38 (1843). 

leoiK Hamm, l.c, tab. 0. 

FJfsicc. Orpbanides, FI. Gneca Kxdce. No. 20, Athens, ut 7^’. meg(ilo(arpa ! 
Ileldreioh, Herb. Grme. Norm No. 1002, ut A". I Balansa, PJ. 

d’Orient, 1854, No. 128, Smyrna ! 

This species, recognizable at a glance by it*, ^erj large, globular fruits, is 
remarkable also for its extremely nario\^ sepah and the complete absence of 
purple colouring fiom its corolla. In well-giown examples the pale, rosy 
flowers attain a length of 11 mm., with the linear-lanceolate sepals nearly 
3 mm. long. The distant and curiously recurved lower petal depicted in 
Ilammar’s figure was noticed by Boissier as characteiistie of this species, and 
its sjn’cading margins are more spatliulate in outline thtui in any othei 
member of the Grandiflonf. 

F. o.rylooa, Boiss. Diag. PI. Or. ii. No. 8, p. 14 (1849), appears to be a 
shade-form rather than a true variety of F. muivocarpa. 

Bfbskctxo II. CAPREOLATJSi. 

CapreolaUt^ Haussk. in Flora, hd. 539 (1873); Pugsley, Fum. in Brit. 5 
(1912) ; Hamm. Mon. 24 (1857), ut sectio, ex parte. 

Pedunculi longi pedieellis ssepissime apice multo incrassatis praediti. 
Bractese raro quam pedicelli fructiferi multo breviores. Sepala plerumque 
magna, apicem versus integriuscula, raro quam corollse tertia pars breviora 
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ejusque tubum latitudino s 80 pissime superantia. (Wolla sa?pius aiigiista ; 
petalo superiore alls apicem baud attin^ontibiis acuto; petalo inferioro acuto 
marginibus erectis angusfis apicem hand attingeniibim. Fruclus parvi, 
mediocres vel magni, in vivo plerunKjue sti})ite earnoso distineto qiiam 
podicelli apex incrasbatus angnstiore prajditi, siccitate Iteves usque ad rugosi. 

The wings of the upper petal, as well as the tips of the inner oncvs, are dark 
purple in F. capreolata^ F. purpurea^ F, macroi<epahiy and F» berherica. In 
F, duhia and F. cocvinea this dark colour is obscure or wanting, and in the 
last-named the wings themselves are obsolescent. 

* Series Eu-Capreolatae. 

Pedicelli fructiferi arcuato-recurvi aut saltern patentes ; fructus beves vel 
rugulosi. 

12. Fumauia OAPiiEOLATA, Linn. Spec. Plant. 701 (175:5); Hamm. Mon. 24 
(1857); Pugslcy, Finn, in Brit. 6 (1912). F, pallidiflora, Jordan in 
Schultz Archives, ,‘505 (1854). (PI. 9, lig. 2.) 

In Hammar's Monograph llay^s F. }najor sranden,^ ffore pall'uUore (Hist, 
i. 405 (168(5)), cited by Linnaeus, is omitted from tlie sMionymy of this 
species. The omission is not without justification, for Kay's remarks betray 
no accjuaintance with F, capreolola^ and none of the exsiecata in the Hloane 
Herbarium under his name belongs to this specie^-, Ixdng all, exce})t one 
doubtful fragment (probably F, mnralis subsp. />Vnr/), nim[)ant forms of 
F. officinalis^ as is also a specimen similarly named in the (‘onlemporary Herb. 
Uubois at Oxford. It may thus be reasonabl) concluded tliat rampant forms 
of F. officinalis were the recognizinl F. major scandcns /lore paUhlioro of th<» 
British botanists of that period. The 81oan(‘ Ilorbarimn conlains a good 
example of F, capreolaia (H.S. .38/146) under Bauhin's name (Pinax, 143), 
and there is a British specimen of var. Bainngfonii in Herb. Duboih, labelled 

F. scandens altera Ciesalp.'’ 

leones, Savi, Mat. Med, tab. i, ic. 1; Sturm, Doutschiands Flora, i. 62,13 : 
Flora Danica, tab. 2359 (forma umbrosa); Hamm./. c. tab, iii. (forma 
sepalis insolite dentatis) ; Jourii. Bot. xl. tab. 43t5, fig. 2, ut F, speciosa. 

Exsicc* Bourgeau, FI. Pyr.-Espag. No. .‘591 ! Neugebauer, FI. Exsicc. 
Austro-Hungarica, No. 2899 ! 

I Sepala typi vel paulo breviora, subintegra ; corolla rubescens. 

Hamm. Mon. Slagt. Fum. 25 (1854), el Mon. 2.3 (1857), 
F, speciosa^ Jord. in Cat. Grenoble, 15 (1849), et Linnaea, xxiii. 507 
(1850). 

Exsicc. Mabille, Herb. Oorsicum, 1868, No. 3.37, ut F, speciosa ! 

Hsoc variotas racemis laxiusculis, pedicellorum tenuiorum bracteis paulo 
brovioribus, sepalis vulgo 4-5 mm. longis 2-3 mm. latis oratis potiusquam 
ovalibus frequentius subintegris, corollis primo alhidis saepius tandem omnino 
TuhrU petalo superiore parum angustato prseditis a typo differt. 
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In addition to the relatively shorter and broader sepals of this variety and 
^its more highly coloured corolla, which often changes wholly from white 
to deep crimson, the npper petal, when Iresh, ih distinctly loss laterally 
conipre'-setl than in typical F. eapreolata.nnd the pedicels seem slenderer and 
more flexuous, nltli soinewluit shorter bracts. 

According to llannnar tlie racemes are denser than in the type, but tlie 
examples examined show laxer racemes as noticed by Jordan (“racemis . . . 
laxiusciili'- 

Jii the living state this variety, which is found chiefly in Spain and 
Soiitliorn France, is especially beautiful owing to the bright red and white 
colouring of its flowers. 

!! Sepala quam typi smpe longiora; corolla albida vel roseo-tinctu. 

y, alhiffora, Ilamm. Mon. Sliigt, Funi. 25 (1854), et Mon. 25 (1857). 

F, capreolata /3. jffavesrens^ Nicotra, Le Finn. Ital. 44 (1897), excl. 

syn. par till!. 

Fj\<iicc, Heldreich, Herb. Graec. Norm. No. 1003, ut F, capreolata ! 

Many North European specimens that have been referred to this variety 
are [)robal)ly shade-forms only (I'oima i^arvifora^ Hanssk.) of the type, but a 
few of them and some white-flowered examples from the Mediterranean 
region appear to constitute a distinct variety. 

8. Jiahiiifjftonii^ Pugsley, /. c. 9. F.pallu/ij/ora^ Babington in Jouni. Linn. 

Soc. iv, 157 (1800), non Jordan. 

Jeon, Journ. Bot. xl. tab. 430, fig. 1, ut F. capreolata, 

c. devoniensis, Pugsley, I, r, 10. 

I I ! 8epala minora, magis dentata ; corolla sepius riibesceiis. 

coiidensata, Ball, Spic. FI. Marocc. in Journ. Linn. Soc. xvi. 315 (1878). 

Jt!,rsicc, Hooker, Tnzuda, Greater Atlas, S. Marocco, 1871, in Hb. Kew ! 

Hacoml densi. Bractea? pedicellis parum recurvatis paulo breviores, 
Sepala 4 mm. longa, 2’5-3 mm. lata, oraia, acuta, basin versus conspicue 
incuo^dentaUi, Gorolla 10-11 mm. longa, ut in vur. speriom rubescens. 
Frnetils tjnani in ft/po tnajores, 2*5 mm. longi et pins 2 mm. lati. 

'rhis variety shows the dense racemes characteristic of the specific type 
combined with relatively small and much cut sepals and large fruits similar 
to those of var. Bahingtonii, 

7f, Ilochreiifineri, var. nov. 

Ejesiec, B. P. G. Hochreutiner, Voyage botanique en Algerie, 1901, 
No. 18, Environs cPAlgei, ut F, capreolata var. intermedia, Haussk.! 

Sepala relative parra, 3-3*5 mm. longa, vix 2 mm. lata, ohlongo^ovata, 
breviter acuminata, circumcirca paroe serrato-dentata, albida; corolla 
10-11 mm, longa, ut in var. speciosd rubescens. 
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Thin rare plant, remarkable for its relatively small, toothed sepals, bears a 
general resemblance in other respects to var. speciosa^ and in comparison may 
be regarded as somewhat analogous with Ihe var. hrennepala of F. purpurea. 
It agrees in floral characters with Hausskiiecht^*^ de>cription of his var. 
intermedia.^ but the plant in the Boissier Herbarium on which this name 
was founded cannot be retained as a variety of F. eapreoluta, which 
Dr. Hochreutinor^s plant evidently is, and a fresh name for the latter has 
therefore been substituted. 

F. idatyvaUjiv.., Pomel, Nouv. Mat. FI. Atlant. 2IV.) (1874), is a j)lant of 
which no material has been seen, but it is apparently a shade-form of 
F. capreolatUy as treated by Battaiidier & Trabut (FI. de I’Algc^rie, i. 20 
(1888)). 

Of F. nemorosa, Lojacono Fojero in FI. Sicula, 61 (1888), which is reduced 
by Nicotra to a synonym of F. eapreolata var. alhif/ora, several authentic 
specimens have been seen which either belong to this variety or are shade- 
forms of the specific type. The diagnosis <d’ F. nemorosa^ how ey(}\\ states 
that the fruits are ‘‘grosse rugnlosis,”—a feature recalling F.jiahellata rather 
than any form of F. capreoiala —and so the name may be held doubtful. 

The var. atrosanguiiua^ Brochon A Neyraiit, ado]>ted by Kouy & Foucaiul 
(FI. Fr. i. 171), seems to bo a form only of var. spedosa, Jlammar, in wliich 
the sepals us well as the corolla become red. It wuis originally issued as 
F. speciosa, Jord., forma atrosanguineay in the exsiccata ‘’C’. Magnier, FI. Sel. 
Exsicc. No. 2388. PyrcnuWjs-Orientales, 1890.^^ 

Tt may b(‘ observed that while this variety atrosanguinea seems almost 
inseparable from var. specio^i., Hamm., the variety described by Kouy & 
Foucaud under this latter name aj)pears to be Hamniar’s type, which is not 
otherwise accounted for by the collaborateurs. 

The variety prorinrialis, Kouy & Foucaud (/.e.), seems from the description 
to be a luxuriant state of F. eapreolata rather than a true variety—a view 
borne out by the exam])le in Herb. C. Bailey of “Magnier, FI. Sel. Flxsicc. 
No. 456,” which is cited by the authors in illustration. 

Another specimen in the same collection under this name, gathered 
by Albert in 1893, at Sollies-Toucas, Var, whence Kouy & Foucaud record 
var. provincialise is, however, much more distinct and j)erha])s a good variety. 
This has bracts barely exceeding half the length of the pedicels, and 
relatively lax and*slender racemes of large, pale flow^ers attaining 14 mm. in 
length, with the upper petal very narrow and comparatively but very little 
laterally compressed, much as in var. speciosa. 

A further conspicuously fine plant allied to this form, but with latge fruit, 
is one from Corfu (Bacnitz, FI. (!orcyrensis ; Kastrades, 1896, as 
F. capreolata !), which may likewise be varietally separable. 
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It is not alwjiys easy, in the absence of adequate material and a knowledge 
of the habitats, to justly estimate the value of the difFerences presented by 
this widely distiibiited and variable species. 

With regard to the geographical distiibution f^hown at pp. 10 and 11 of 

Fumaria in Britain/’ the correctness of the habitats, Canaries and 
St. Helena, gi\en botli by Hamrnar and Haussknecht, may be doubted, the 
plants int(*n(led being probably F* coeriaea and F, muralis respectively. 

IH. FuMARIA DUBIA, sp. nov. 

F, (apreolata yS. intermedia^ Huiissk. in Flora, Ivi. 541 (1873). 

Kusicc, Montagues voisines du Fort L’Empereur, Alger, 1831, Herb. 
Fanche, No. 1 (in Hb. Boissier) ! 

Funiaria F, capreolata babitu toliisque i}i pedum ulis longis racemos densos 
superantilms, Braetea pediceUos fruciiferoti arniato-renirvos suha quantes. 
Sepala virca 3*5 mm lonqa et 2 mm lata, omta, peltata, acuminata, denticidata, 
alhida. Corolla 10-12 mm. /o?r//a, omiiino rosea, lit videtur, aut roseo-albida ; 
pefalo sapenore angu-sto anito alls roseis carinani baud ‘'Uperantibus praedito ; 
petalo infenore marqndhas an<jahli,ss}mis erectis acuto. Fructds parci, 
2*25 min. longi et 2 inrn lati, srthioiamh, ad medium latissimi, superne in 
a[mem sabandum et interne in siipitem (juani pedicelli apex angustiorem 
fcquiiliter junioies plane apiculati, siccitaie apicis fo^eol^s parvis 

distinctis rugalosi, 

Descriptio secundum exemiilar solum imperfectum in Herb. Boissiei*. 

In montibus Algeria' habitat. 

Hac Fumaria qiue ut s])ecies no\a diihit.inter descripta ost, per sepala 
minora dentieulata, per petali superioris alas roseas nec purpureas, et 
pra'sertim per fiuctas subacutosjaigulosos a F, capreolotd, lit ^idetul^ specifice 
differt. 

Secundum cl. llaussknecht hujus planbe fructns rugulo'^us transitum ad 
F. ^flahellatam denotat, sed, mo judice, et fructiis rugulosus subacutus et 
corolla angnsta sine apice purpureo rosea affinitatern cum F, coccined 
monstraiit. 

The specific name intermedia having been already appropriated under the 
genus Fumaria (Withering, Arr. ed. 3, iii. G20, t. 29 (179G)) to represent a 
plant now referred to Con/dalis ImlOosa, l)(h, the present form has been 
described as F, dubia. 

14. Fumaria v \ rpurea, Pugsley in Journ. Bot. xl. 135 & 179 (1902) ; 

Fum. in Biir. 12 (1912). F Borai, Babington in Journ. Linn. Soc. iv. 

157 (18G0), non Jordan. 

Icon. Journ. Bot. xl. tab, 43G, fig. 3. 

/9. hensepata, Pugsley, Fum, in Brit. 13. 

Icon, Pugaley, 1. c, fig, 1 (Journ. Bot. 1. tab. 519). 
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There is a British s})ecii]fien of F, pniyvrea in the Herbarium of Dillenius 
at Oxford, and another still earlier (circa 1700) in the Herb. Dubois. The 
latter is labelled F. major scandens floribus albis riche saturate purpureo 
(sic). Omnibus j)artibus major est F. scundente nostrate. An F. altera 
Orosalp.?” 

Series Macrosepalss. 

Pedicolli fructiferi suberecti ; fructus rugosi. 

15. Fumaria macrosepala, Boissier, Elenchus No. 7, 8 (1838) ; Voyage 

Bot.Espagne.ii. 19(1839-1845); Ilamm Mon. 36 (1857); Willkomm 
& Lange, FI. llisp. hi. 880 (1880). 

leones, Boissier, Voy. Bot. Espagne, tab. iv.; Hamm. /. c. tal>. iii. 

Krsiee, Willkomm, Iter Hispanicum, 1845, No. 863, Malaga ! Jjangc, 
PI. Hisp. 1851-2, Jaen, in Hb. Kew! Huter, Porla & Higo, Iter Hisp. 
1879, No. 518, ut FJatisepala ! 

Til this species, which is said to inhabit rocky slopes rather than cultivated 
ground, the corolla resembles that of F, capreolata in its narrowly winged 
upper petal and its peculiar reddish dorsal suffusion. 

F, malaatami^ Ilaussk. k Fritze in Flora, Ivi. 548 (1873), although described 
as closely allied lo F, (jaditana,, Hau.ssk., seems rather, judging by the type 
specimen in Herb. Boissier (Ad sejios pro])e Malacitauam, B. Fritze, Mai, 
1873 !), as well as by the diagnostic characters, a form of macroseyala^ as 
suggested by Willkomm & Lange (/. c. 881). Fritze^s specimen is a }>iece of 
a large, vigorous ])lant, gathered late and perhaps on cultivated ground, in 
which the miicronulus of the fruit is obscured. 

A plant sent out by Porta &Uigo as F, macrosepala, Boiss. var. malacitana, 
Haussk. k Fritze, (Iter IV Hispanicum, 1895, No. 24!) is luxuriant 
F, macrosepal a,, with the sepals and corolla ranging to 7 mm. and 13 mm. in 
length I’cspectively. 

This fine species is reported also for the mountains of Tetuan, in Morocco, 
by J. Ball in Journ. Linn. Soc. xvi. 315 (1878). BalB.s siiecimen is at Kew. 

16. Fumaria bbrbbrica, sp. nov. (PI. 11, fig. 1.) 

F, agraria var. atlantira, Ball, Spic. FI. Marocc in dourn. Linn. Soc. xau. 

31G (1878), non CWon. 

Exsicc, J. Ball, Iter Maroccanum, Ait Mesan, 1871, in Hb. Kew, ut 
F. agraria var. atlantica ! 

Fumaria habitu robusto sine dubio annua. Folia 2-3-])innatisecta, foliolis 
in lobos oblongos acutos mucronatosve eis F, agrarue similes fissis. Racemi 
10—15-flori, pedunculos suhequantes, Uractew magnu\ lineari-lanceolatse, 
acuminatse, subfoliatoe, pedicellos fructiferos suberectos breviusculos apice 
inulto incrassatos conspicue snperantes. Sepala 4’5-5*5 mm, longa^ 2*5-3 mm, 
lata^ ovatay peltata, acuminata, circa basin marginemque inferiorem parce 
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$€rratOHlefUat(f, praefcer nervum dorsaleiii latum viridem albida, eorollee tub<> 
latioru, Corolla 11-12 mm, lonffa, roseo^albida; peialo superiore alia 
afropitTpitreis reflexi-^ carinatn soquantibuh tipioeiiKjuo fere attingentibus 
aabartUo; peialo injeriore a(‘uto mart/htlhua erertis aiujitaiLuimis ; petalis 
interioribii'5 apice airopurpurei^. Frurtdh maJuscuU^ circa 2*5 mm. loiigi 
ac lati, sohrofundi^ vxnn mucrooido per^stente ohtusisainii et interne pa rum 
anguhtati, paululuin compreshi sed distincte oarinuti^ siccitate apicis fo\eoIis 
parvis obsciiris deiibe sed baud gro‘^se ruposi, 

Ha^c rara ^[x'cies, ad gregein Cai>reolatarum plane referenda, F, macro- 
sepala pioxima e^t, i^od sepalis dentatis, corollis minus angustati^ apicein 
versus baud rubescentibus noc in siccitate >iridefecentibus, fructibus ininoribus 
sed distiiictius rugosis diftert. 

Quanqiiam cl. Ball banc plantain ad F, aprarht varietateiii retulit, id ab 
illo dubitanter factum esse inanifestum est, nam “ Planta baud omnino certa— 
facies F. capreolata, sed characteres potius F. a<jTarim^^ scripsit. Dt eiiain 
F, macrosepalam eerie cognovit ejus similitudinem cum F. herheried non 
vidisse paulo notabile est, ei per btijus corollam in \ivo latiorein torsitaii 
oxplicandum sit. 

F, capreolata per flores angustiores, pedicellos arcuato-recurvos fructusquo 
la?ves minores, F, ayraria per sepala jauva, corollam omnino diversam 
fructflsque rostratos grosse rugosos, et F, flahellata per eorollfe formain 
pedicellosque arcuato•recur^ os plane distant. 

F, herherica in rupibus arenaceis Atlantis majoris Mauritania) australis, in 
convalle Ait Mesan (alt. 1600 m.) habitat. 

A s(‘Oond specimen in Herb. Kew {F. ayraria, var. —^ Hooker, Jievaia, 
♦5-7000 ft., S. Marocco, Greater Atlas, May, 1871 I) may also belong to 
tliis species, but it shows no fruit and is too fragmentary for certain 
determination. 

17. FrMAUiA cocoiNhiA, Lowe MSS. in Herb. Kew and Herb. Mus. Brit,, 
sp, nov, (PI. 18.) 

F, montaiia, Haiissk. in Flora, Ivi. 540 (1875), et auct., non Schmidt, 
E.rsic(\ Bourgeau, PI. (^anar. No. 178, ut F, capreolafal Dela Perraudiere, 
Canaries, 1855, in Hb. Boissior, ut F, cajtreolaia var. ranariensisl Lowe, 
Santa Cruz, Tenerifte, 1859, in Hb, Mus. Brit.! Bornmiiller, PI. Exsicc. 
Canar. 1901, No. 2029! et No. 2028 (forma umbrosu), ut F. montanal 
Sprague & Hutchinson, C^anary Is., No. 1265 ! 

Fumaria annua, internodis longis yracilis^ plus minusve ramosa, petiolis 
cirrhosis scandens. Folia s»pe parvula, foliolis in lobos oblongos, subellipticos 
vel late cuneatos, stepissime obtusos et nonnunquam mucionatos fissis, infimis 
breviier potiolatis, irregulariter 2*(rariiis 3-) pinnatisecta. liacmii paueij/ori 
(6-12-flori),jpec?waow/i5 gracilibus paulo bremorea, BracUiv lineari-subulata), 
aoaramat?e^ pedicellis fructiferis erecto-patentibusy rectis flexuosisve, apice 
incrassatis, sajpe breviubculis, paulo breviores. Sepala 3-4 mm. lonya, circa 
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2 mm, lata, ohloupo^ovata vel oblon^o-lanceoluta, })eltuta, aeiita, parce deniaia 
vel etiaiii pra5ci{)U<» banin versus paululuin laciniata, nt^rvo dorsali obsciiro 
viridiusculo albida vel roseo-albida, oorolbe tubum subaiquantia, longo 
persistontia. Corolla 8-10 mm, lon<ja, rubra rel coccinea (in forinis imibrosis 
albida), in fructu junioro persisteiis ; petalo superiore aH^ nibris angustisdmia 
(carinain baud anpiantibus) vel oinnino obsoletis aeuto angioitissmo; petalo 
inferiore marginibus angitslis erectis apicem liaud attiiioentibus acuto; petalis 
interioribus propo rectis apice parain satunitioribus. FrucUU pawl vel 
niodiocres, 2-2*5 mm. loiigi ac lati, suhrotundo-~quadj*ati, ohivi»h:suni ohtusi vel 
rarius acufciusculi, inferiie abrupte angustati, satis earinato-eoinpressi, siccilate 
apicis foveolis parvis plus minusve distinct is rugosi, 

F, eoeciuea habitu gracili, floribus minoribus rubris anguslissimis petalo 
superiore fere exalato pricditis ab hiijus seriei aliis speciebiis differ!. 

F, movtana, Schmidt in Beit. FI. C’ap. Vord. Inseln, p. 2(>r?, (juaciini 
F, coccineie forma umbrosa a cl. Haussknechfc aiictoribiisque recontioribus 
confusa est, habitu robustiore, foliolis longiiis j)etiolalis cum lobis 
aiigustioribus, bracteis longissimis, floribus minoribus sem] er albidis, })etali 
inlerioris subspathulati marginibus patentibus fructuque majore subgloboso 
[)lane carinato distinguitur et ad subsectionem Latisrpalannn referenda est. 

F, eoce.inea habitat in insulis Oanariensibiis ubi in montibus sylvatieis 
invenitur. 

This very distinct fumitory, which has been distributed at intervals from 
the Canaries under different names, can only be ))laced among the Capreolatir, 
and is remarkable for its very narrow and nearly unicolorous corollas. 
In the living state, wlieii not shade-grown, the flow ers appear to be bright red 
in colour, and have been referred to by collectors as crimson,’** coceinea,’" 
and “ sanguinea.^’ 

The fruits of this vspecies show considerable variation in form, for while 
those of Lowe’s original specimens are quite rounded-obtuse, other herbarium 
material furnishes a transition to the subacute-fruited form lately obtained 
by Messrs. Sprague & Hutchinson. 

Haussknecht’s identification of this plant with Schmidt’s F, moniana 
seems attributable to the similarity in size and colour of the flowers when 
F, coccined is shade-grown, both species lacking the dark corolla-tij) that is 
generally prevalent in the genus. There i.s al&o some resemblance in the 
jiepals, but in other respects the two plants appear widely different. 

SuBBECTio III. KUEALES. 

Mnrales^ Haussk. in Flora, Ivi. 513 (1873). Capreolatw^ Hamm. Mon. 24 
(1857), ut sectio, ex parte ; Medifv, Pugsley, Fum. in Brit. 15 (1912). 

Pedunculi plus minusve breviusculi, eis F, hicoloris ot F, sepimn exceptis. 
Pedicelli quam in subsectioiiibus prioribus smpius minus incrassati, nisi in 
jF. Thuretii, Bractese longitudino variabiles sed pedicellos fructiferos raro 
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seqoantes. Flores racomorum recentiorum quam in prioribus ssepe pauciores 
ininusque explieati. Sepala dentata, serrata vel integriuscnla, rare corollse 
terti^ parte longiora vel ejus tubo plane latiora. Pefala exteriora obtusa vel 
acuta, inferius iiiarginibus angustis qui apicein vix attingeiites pleruinque 
erecti rarius patentes sunt. Fruettis parvi aut modici, formse diversissimse, 
siccitate tuberculato-rugosi, rugulo&i vel etiam laeves. 

In this sub#3[oction the wings of the upper petal, as well as the tip of the 
inner ones, are dark purple except in Ucolor and some forms of F, Basiardii* 
The term Mediae which was applied to this difficult group in “ Fumaria in 
Britain,” has been abandoned in favour of Murales^ Haussk. as further 
investigation sufficiently shows thatLoiseleur,‘Notice/ p. 101 (1810), 
a plant whose identity has given rise to much discussion, represents only a 
rampant form of F. officinalis, Linn, and has no connection with the species 
of this subsection. Loiselpur refers to its retuse Iruits in his diagnosis and 
again in his subsequent remarks, and the figure which he quotes (Vaillant, 
Bot. Par. tab. x. fig. 4)—an exceptionally good drawing but without fruits— 
bears a raceme of dorsally compressed flowers, with small sepals, which, if 
not a form of F, officinalis^ can only be referred to F. major^ Bad. 
l)e Oandolle, Reich(mbach, and Boreau clearly regard F. media, J^ois. as 
closely allied to F. officinalis, and Parlatoie (Mon. Finn. p. 59) shows at 
some length that they are not sei)arable as specie*^, a view more recently 
maintained in llouy & Foucaud’s ‘Flore de France' and Nicotra^s ‘ Le 
Fumariucee Italiane.’ The confusion that has arisen through the connection 
of this name with F. niuralis and its allies seems largely due to Hammar's 
interpretation of F. media (Mon. Fum, p. 28), which, combined with his 
association of F, Basiardii with F, mnralis, forms the most serious error in 
his generally excellent work, and is carefully corrected by Haussknecht. 
The further extension of Loiseleur’s name by Willkomm & Lange 
(FI. Hisp. iii. p. 882) to cover the majority of the varied Spanish forms of 
this group argues a treatment of this subsection quite unequal to that of the 
remainder of the genus. 

* iSeries Sub-Agrariae. 

Sepala parva ; petal! inferioris margine.sangusti, patentes ; fructus rugosi. 

18. PuMARiA BIOOLOR, Sominier ex Nicotra in l.o Fum. Ital. 55 (1897) ; 
FI. Giglio, 7 (1900). F. capreolala var. —, Duthie in Journ. Bot. x* 
208 (1872) ; F. rnpestris var. marifima, Battandier in Bull. Soc. Bot. 
Fr.xxxii.33t5 (1885); F. Loiselearii (^lavaud j3. leronensis, Burnat 
FI. Alp. Marit. 69 (1892). 

Eojsicc. Burnat, St. Marguerite, Cannes, in Hb. Boissier & Hb. Zurich 
ut F. Loiseleurii )8. leronensis I Townsend, St. Marguerite, 1872, in Hb. Kew* 
ut F. inaculatal Duthie, FI. Melit. Exsicc. 1874, in Hb. Kew & Hb! 
Mtts. Brit., ut F. capreolala, var. — I 
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Fumaria annua, hahitu gracilis diffusa vel petiolis cirrhosis scandens. 
Folia glaucescentia ant viridia, folioHs in lobos lanceolatos neiitos vel 
oblongos mucronatos fissis irrcgulariter 2-3-pinna<:isocta. Racemi pauciflori 
(8~12«flori), pednnndis tenuibus soepc incurvalis hrenores. Bractetv 
cuspidaia?, jtWuW/i.v fructiferis gracilibus ficxnosis interthnn saherectls int&rdnm 
patealibxiH tripio quadraplove breciores. Sepala minima, 2-2*25 mm, longa, 
circa 1 vim, lata, ovaiia, vix peltata, breviter aouminaiaj minvsve dentata, 
nervo dorsali nibro rosea, corollae tul)o iniilto aiigustiora. Corolla 10-13 mm, 
loiiga, fere recta, albida vel roseo^alhida, tandem prfcter pctalorinn in<erioriim 
apiceni onmino roaea, nt in raceino siiigulo flores jnwioros albidi inaturiores 
rosei videantur; petalo snperiore anhacnto alis roseta refloxis apicein vix 
atlingentibus earinain a>quaiiHbus v(d paulo excedontibns eal(*ar brev in senium 
versus longe productis ut in F, Bastardii ; petalo inferiore inarginihna angifstis 
patentibus roseis apiceni baud attingentibus aciilo; jmtalis interioribns apice 
atropurpureis. Frucitis pawl, 2-2*25 nun, longi c>t l‘5-l*7r) inni. lali, 
s ub rot undo-o rati, subaenti sed interne parnm angustafci, obscure earinati et 
piiuliiluin compress!, siccitate dense sed baud grosse rugosi, a})ice foreolis 
angustis sftpins nlgris et nonnunqiiain inacuUi laterali nigra noiati. 

Haec species, a cl. Soinmier in ‘Florula del Giglio*' et a cl. Burnat in ‘Flore 
des Alpes Maritimes’ bene doscripta, in subsectione Agranarnm,vnl <|n{Jin per 
corolla* Forniam accedii, a cl. Nicotra locata est. In aliis characterilms, sicut 
in babitu gracili et in tVuctils forint, subsectionem Mnralium plane refert, et, 
me judi(je, F, Bastardii, Bor. (et pra*cipue varietati raganti) proxima est. 

F. bicolor racemis pancifloris^ pedunculis tenuibus longioribus, braeteis 
sepalisque minimis, corolla angustiore fere recta, petali superioris cfilcare 
brevioro, petali inferioris marginibus paulo latioribus, IVuctibus minoribus et 
densius rugosis a F, Bastardii distinguitur. 

F, rnpestns, Boiss. babitu robustiore, braeteis longis setaceo-acuminatis, 
sopalis majoribiis lanceolalis, fructibus rugosioribus inulto majoribus plane 
differt. 

F. ainargsia, Boiss. braeteis mnlto longioribus, })etalis interioribus apice 
brevins atropurpureis, fructibus multo majoril)Lis obovatis subtruncatis longe 
recedit. 

F, bicolor in insulis italicis Giglio, Elbjl, Montecristo, (.'apraia et (iiannutri, 
at(|ue in insub\ Wta. Margarita prope Cannes Galloprovincia) dumeta nec 
culta habitat ; in insul4 M^ditti etiam in loeis saxosis umbrosis atqiie in 
scopulis maritimis Algeria? invenitur. In berbario Kevvensi exemplar 
imperfectum F. Petteri Rchb. Sicilia, Parlatore, No. 137’' forsitan ad 
banc speciem relatum sit. 

This rare fumitory, one of the few species not affecting disturbed ground, 
is especially interesting to British botanists in that it was discovered in 1872 
almost simultaneously at (^annes by the late Mr, F. Townsend, who pointed 
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it out to M. Burnnt, and at Malta by Mr. J. F. Dutliie. The identity of 
F. bicolor and F, LohehttrU 0. leroaensls '^eeins to have been hitherto over¬ 
looked. 

19. FrMARJA Bastardu, Boreau in Diichartre Rev. Bot. ii. 359, excl. van ff 
(1840-7); FI. du (Wre, ed. 2, 28 (1849), et ed, 3, 34 (1857); 
Pugsley, Fum. in Brit. 35 (1912). F. confusa, Jordan in (.^at. Dijon 
(1848), et Linna'a, x\iii. 409 (1850) ; Pugsley in Journ. Bot. xl. 173 
(1902) ; F. media coafum^ Hamm. Mon. 28 (1857), non F^ media^ 
Loiseleur ; F. Gmsonei^ Boiss. ox Haussk. in Flora, Ivi. 513 (excl. 
F. Petteri^ Rchb. in nyn.), in sen^^u lato (1873). 

leones Hamm. /. r. tab. 3, nt F* media /3. eonfasa ; Journ. Bot. xl. 
tab. 430, 0, lit F, ronfusa* 

E^sicc. Billot, FI. (i. & a., No. 1200 1 et No. 3307 bi^! Schultz, Herb. 
Norm. No. 605, ut F* confusa 1 

Fumaria annua, habitu satis robusto, ssppe ramosissimo, suberecta cel diffvsa 
vel rarius potiuHs ciirhosis seandens. Folia irregulariter 2-3-pinnati&ecla, 
viridia vel glaucescentia, foliolis in lobos oblongos acutos inucronatosve quam 
F* maraHs angustiores prsedita. Racemi laFtusculi^ midtijion (vulgo 

15-25'flori), peduHcidos superanfes, Bractece linoari-oblou^a*, cuspidata', 
pedicellis fructiferis longiusculis subereefis vel eieeto-patenlibins duplo \el 
etiam triplo hreviores, Sepala circa 3 mm, Umga^ 1*5 mni, lala, ovalia^ vix 
peltata, acuta, plus minnsve circumcirca sen^ata, prader nervnm dorsalem 
viridiusculum losen, coiollie tubo angu<‘tiorii, interne remota, sa‘pe in frnctu 
jiiniore persistentia. Corolla 10-11 (rnro ]2) mm, loncfa^ prater petalornm 
interwram apicem atroparpureum rosea ; peialo superiore obtuso *vel acuto, 
a latere compresso (dorso satis angiisto), etiam in gem mis hand spathulato, 
alls roseis reflex is calcar lersu^ longe produotis sK'pe carinam excedentibiis 
apicein(|ue attingentibus praedito; calcar sepalis longins : petalo inferiore 
marpinibus anpustis patulis apicem vix attingontibiis snbacuto. Frucids 
modi(% circa 2*5 mm. longi ac lati, rotundati^ obtusiuscuh vel rarius obtiisis- 
simi, panic compressi sed obscure carinati, in vivo inf erne in stipitein 
obscurnm qui pedicelli apicem pariiin incia'^satum ;equat lel excedit saspissime 
ru’ aiujustati^ siecitate apicis fo\eolis laris paululum obscuris satis rnposi, 

! Petalum superius omnino lO'^eum. 

patens^ comb. nov.; F, (iussoneij var. pitens^ Haussk. l,c, 518. 

Exsicc, Mabille, Herb. (Jorsicum, 1808, No. 338, ut F. Gussonei ! 

Planta laxa sod robusta, ibliurum lobis quain in typo i)aulurn latioribus. 
Brattea acaminata^ inHmse pedicellos fructiferos breviusculos flexuosqs sape 
patulos subiequantes, rediquae dimidio breviores, (.’urolla 9-10 mm. longa. 
FructHs circa 2 mm. longi ac lati, nt in \ar. Gussonei subglobosi et leviter 
ruffosi, Aliter ut in typo. 
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7. vagatu, var. nov. 

F. vagans^ »1or(l. in Cat. (rrenoble (1849), efc Linna'a, xxiii. 508 (1850); 
Hamm. I, c. 46. 

Icon. Hamm. l.c. tab. 6, ut F. vagmis. 

I3racte«? oblonofo, cuspidatae, apioo denliciilata;*, pedicellis fruetiferis tiiplo 
breviorep. Sepala 2-2’5 mm. lonfi;a, 1'5~2 mm. lata, rotiindato-ovalia, 
breviter acuta, ncrvo dorsali incrassato earinata. Petalum superins vix a 
latere compressum, alis roseis patenti-reflexis carinam paiilo sui)erantibns 
a])icem(|ne vix attingentibns siibacntum. Frarhls circa 2*25 mm. longi, 2 mm. 
lati, mbrotnndo-ovaii^ acufiusculi, inferne in slipitom ob'-curnm t)iiam pedicelli 
apex paiilo angnstiorem angustati, tenuiter rngosi. Abler id in typo. 

This ])lant, though near the sp€»cific type, is separable by its more carinate 
sepals, by the form of its corolla, which wdien fr(‘sh is broader and less 
laterally con»|iresseil, and especially by its smaller, moio acute and more 
finely rugose fruits. Kouy & Foucaud’s variety ocndentnUs of F. vagans (FI. 
France, i. p. 174) seems from tlie description to be a shade-form only. 

! ! Petalum superins apice atropurpureum. 

S. (Insaonet^ Pugslev, Finn, in Brit. 40 (1912). F. (Jussonei^ Boiss. 

Diag. PI. Or. ii. No. 8, p. 18 (1849); ITamm. l.c. 34. (PI. 9 , Hg. 3.) 

F/csicc. Billot, FI. G. & G., No. 1109, ut F. (jnasonei ! Fiori &c., FI. Exsicc. 
Ital. No. 827, ut F. scrofina var. (jN.m>nci\ Lojacono, PI. Ital, Select. 
No, 74, ut F. Gussoncil 

Varietas sfvfiiu'^ satis nana foliis plus ininusve glaucis. Sejiula 2~3 mm, 
longa, 1-2 mm. lata, (jvam igpi paulo laliora. Corolla 9-10 (raro 11) mm. 
longa ; pctalo mperiore alis atroparpareis siepe obtuso ; petalo inferiore 
marginibus (piam in typo angustioribu.s. Fructus sails jHirri^ circa 2 mm. 
longi et lati, sohglohosi, rotiindato-obtusi et inferne plane angnstati, Mceitate 
(|uam in typo ai)icis foveolis obscurioribus tenmns rugosi. 

€. Inhernica, Pugsley, Fum. in Brit. 41 (1912). 

leones. Eng. Bot. Snppl. 2976, ut F. confusa. Pugsley, l.r, tig. 5 (dourn. 
Bot. 1. tab. 519). 

The E.B.S. figure was drawn from a Scilly specimen collected by Townsend, 
Although not very characteristic, the acuminate j)urj)le tip of the* upper petal 
is sufficiently Indicated. 

The Spanish plant represented in the exsiccata Sennon, PI. d’Espagne, 
No. 228,"' a.s F. vagans^ closely re.sombles this variety except for its smaller, 
acutor fruits. 

4, affinis^ var. nov, 

F. apiis, Hamm. Mon. Slligt. Fum. 47 (1854), et Mon. 39 (1857). 

Jeon. Hamm. Mon. tab. 5, ut F. aj^nis. 

Exsicc. Lange, Almeria, 1852, in Hb. Boiss.! 

Hammar’s description and figure of this little-known plant recall the small- 
flowered form of majoT^ Bad., but Lange’s specimen from Almoria iii 
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Horb. Boi<?sier clearly belongs to F. Bmtardii^ as determined by Hanssknecht 
In the coloi!r of the corolla it resembles \ar. Gnssonei^ but the flowers are 
larger uith more broadl} winged outer petals; and the fruits are relatively 
large and very obtuse, approaching those of F, major in shape but showing 
no mucronulus in the dry state. 

The specimen of F. affinis in Herb. Kew, received from Lange, does not 
agree with that in Herb. Boissierand with Haminar’s diagnosis, but seems to 
be a large-flowered example of typical F. Basiardii. 

vj, henedkta, comb. no\. 

F. Gussonet MW, henedicfa, Nicotra in Nuov. Giorn. Bot. Ital. nov. ser, iv. 
312 (18117); Le Finn Ital. 53 (1897). 

/con. Nuov. Giorn, Bot. Ital. Lc. tab. 10. 

This vaiiety i^ remarkable for the black apical pits and lateral markings 
of its fruit, rc'^einbling those of F, hicolor. It is also characterized by its 
rampant habit, relatively broad leaLsegments. apicall} thickened pedicels, 
and ratlKM* narrow sepals and wings to the iip[)er petal. 

Plants agreeing in all respects with Nicotia’s de'-cription and plate were 
collected at Tangier by Hev. J. RoftVy in the spring of 

F. Jordaiiiif Gussone, Eriuin. PI. In*^. Inar. (1854), seems from authentic 
specimens to bo a variation of \ar. Gi(h,sonei with flowers coloured as in the 
s|)ecific tj pe, and F, serotina, Gus^. (/. (.) is perlmp^ a sha ’e-foiin of the same 
plant. The former is stated to have fiuits sometimes spotted at the apex. 
There is Ischian material of l)oth of these plants in Herb. Kew received from 
Gussone himself. 

F. recognita, Lacroix in Bull. Soc. Bot. Fiance, \ 551 (1859), described 

a> intermediate between F, Bahtanlu and F, Borai, is represented in 
Herb. Kew by a specimen received* fiom Lacroix in 18(>1 wliich is typical 
F, Bastardti, with finely developed flower-s and uniisiiall} long sepals. Other 
material observed under this name shows large, daik-tij)ped flowers resembling 
those of var. affinLs^ of which F, veeoginta is made a synonym by Rou} & 
Foucaud. 

F. pia, Nicotra in Att. Aec. Dafnica, Acireale, Ser. 2a, i. 5 (1905), imi> 
also belong to this species, but its inadequate diagnosis lenders its deter¬ 
mination impossible in the absence of authentic speidinens, 

A form resembling the specific type, but with remarkably small flowers 
(only about 8 mm. long), was collected at (L'braltar by Major Wolley-Dod 
in 1913. 

F. Bastardu is one of the most difficult species ol the genus and is unique 
among the Grandif/onv owing to some of its forms having the inner petals 
only tipped with purple, while in others this colour pervades also the wings 
of the upper petal. In fruit, likewise, it is remarkably variable, the rugosity 
being appreciably finer in the varieties patens^ vagans, and Gvssonei than in 
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the type. On the other hand, the general hahit, tlie oval, ferrate sepals, and 
the long-winged corolla are so constant and so marked in the plants brought 
together by Haussknecht under this species, and it is so evident from 
Herbarium material that they are largely connected by intermediates, that 
they cannot with confidence be kept specifically apart. 

The distribution of tins chiefly Mediterranean species is given al p. 41 of 
^^Fumaria in Britain.” Of its varieties, ) 8 , patens was described from (Corsica, 
and 7 . via<jans occurs in Southern Franco; var. (htssonei is common in Italy 
and the neighbouring islands, and grows also in Algeria, Spain, and Greece, 
as well as in Britain ; var. hihernira is exclusively British ; var. ajinis is 
only certainly known from Spain; and var. benedict a has been seen from 
Sicily, Sardinia, and Morocco. 

A hybrid (ap[)arently barren) between this species and h\ mnralis subsp. 
Borai has been observed in (Juernsey. 

** Series Eu-Murales. 

Sepala magnitudinis variabilis; petali inferioris margines angustissimi, 
erecti vel rarius patentes ; frucths lawes vel rugulosi. 

20. Fumakia Munbvi, Boissier & Reuter, Bugillus, 5 (1852) ; Haussk. 
in Flora, hi. 5IU) (1873). 

Exsic(\ Reuter, Oran in snburbio La,. Mosquee, 1841>, in Hb. Boiss.! 
Boissier & Reuter, IVov. Oran, 1840, in Hb. Boiss., iit F. ffabellatal 
G. Munby, Oran, in Hb. Kew, ut F, capreolafa ! 

Fumaria robusta sed la,va^ plus minusve elongata, iut(*rdum petiolis cirrhosis 
scandeiis. Folia foliolis in lobos angusto oblongos acutos vel ovato- 
oblongos mucronatos (forma major^ Hanssk.) irregnlariter 2~3“pinnatisecta. 
liacemi laainscnJl, 7nvlti~(20-27u) florid pednnados breviusculos svpennites, 
Bractew angiiste linenri-oblonga*, aeuininatm, pedicellls fructiferis 5 mm. 
longis, tenuibiis, flexuosis, patevti-erectis vel patentibus tertifi, parte breviores. 
Sepala 2-4 mni, longa, 1 ‘.5-2*5 mm, lately suhrotnndo-^ovata vel ovata, peltata, 
breviter acuminata, circuineirca (praesertim ad basin) irregnlariter dentatay 
nervo dorsali viridi valdo carinata, albida. Corolla speciosay 12-13 mm, 
lonya (14 mm. iu i.majore)y pallide rosea \ petalo snperiore alls atropurpureis 
refloxis carinani paulo excedentibus apiceuujue vix attingentibus ohtusmsculoy 
cab^are quam sepala longiore pnedito ; petalo inferiore marginibus angustis 
patulis pallidis apicem vix attingentibus acuto, sfepe libero deflexo ; petalis 
inierioribus sursum curvatis apice atropurpureis. Fructus minimiy vix 2 mm. 
longi ac lati, sijd>rotnndx, stibacnti vel obtusiy circa medium latissimi, paululum 
compressi et obscure carinati, siccitate apicis foveolis parvis paulo obscuris 
^uhlosves, 

LINN. JOURN.—BOTANV, VoL. XLIV. 2 A 
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Qtioil ad formam periinet, fructns F. Munbyi satis variabiKs tidettir. Bam 
^'BBtiqtiam in exeinplaribus Baissieranis subacutus in specimitie Herbarii 
Kewensis rotundato-obliisus est. 

Hsec rara specie*^, quan propter flores itiagnos cum fructibus minimis 
conjunctos iiotabilis videtur, per floruni 8]>eetabilitjm racemos longos 
Martimi provima est, sed pediinculis longioribiis, bracteis longioribus 
angnstioribusqtiCj «-epa]is dentatis earinatis, petal! inferioris inarginibus 
latioribus, ot fructibus uiinimis plane differt. 

F> nniraUs (sensii lito) raeemis bre\ioribuh, sepalis ecarinatis, petalo 
^uperioie siibsfiatbiilaio, inferiore sine inarginibus patulis, fructibus sa^pissime 
majoribus distinguitur, Fioeterea, haec species (sensu stiicto) per habitum 
gra<*ileni et flores ininores recedit, dnm subspecies neyhcta bracteas breviores, 
sepala integriuscula, coi ollas ininores, fructflsque obtusiores ningis obovatos 
liabet, atque subspecies Hora% ad quam F, Munhyi a cl.Ilannnar, deseriptionem 
in Boissicr, Diag. Pb Or. Ser. n. i. p. 17 (1853), seqnente, reluta est, sepalis 
inajoribus, petah superioriscalcare breviore, fructibu*^ multo inajoiibiis obovatis 
■obtusissiinis facile dignosci {'otest. 

F. apicvlatitylAgk^, habitu minus lobusto, jiCHlunculis bro\is&iinis y)edicellis 
suberectis, floribus minoiibus aciitioiibii'«, sepalis anguslioribus paucidentatis, 
fructibus apiculo persistente pncditis separanda est. 

F, Bastardii, Bor. per bracteas bre\iores, ])er sepala ovalia sorrata, et per 
fructds majores rugosos nec sublawes a F. Munhyi longe distat. 

F, provinciam Oran imAlgeria habitat. 

^1. Fumahia Maiitinii, (lavaud in Act. Soc. Linn. Bordeaux, tom. XLIX. 

5** &i*rie, tom. 2 , p. Ixix (1888). F, paradojca^ Pugsley, Fum. in Brit. 
31 & 74 (1912). 

Icon. Pugslej", /. c. fig. 4 (Journ. Bot. 1. tab. 519), nt F. paradoxa. 

Kwsicc, Bourgeau, PI. d’Espague, 18()3, ut F, Bastardii^ Magnier, FI. 
Select No. 1075! 

Since the publication of this plant as a new species under the name ot 
F. paradoxa^ it has been found that in 1888 a communication respecting 
Martin’s plant mentioned at page 74 of “ Fumaria in Britain’’ was made by 
Olavaud to the Linnean Society of Bordeaux, as cited above, which defines 
its salient features and its position in the genus, and may fairly bo regarded 
as a valid publication of the name F. Marti mi. It is therefore proposed to 
accept this name, reducing F. paradoxa to a synonym. 

It curiously happens that Olavand’s communication was due to the plant 
collected by Martin (C. Magnier, FI. Selecta, No. 1075) being referred by 
certain botanists to F. majors Badarro, just as occurred at first with the 
British form (Fum. in Brit., p. 35), and it may thus be of interest to 
reproduce some of CLivaud’s observations. 
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avai*< indique pour cctto dernioro plante , . . le noin de h\ Martin'^ 
»on prevaiiant M. Magnior qu^il no fallait y voir qu'uiie fornn* dii stirpe 
Capreoldta voii^ine du F. Bora% Jord. ot du F, tnifraliny Sond. ei (pi’elle 
n’uvait rien de connnun avec le F. major, Bad. . . , M. Magnier n^en 
oonserva pas moins sur ses etiquettes le nom de F. major. Bad., en m’infor- 
mailt qu'il s^ippuyaifc sur l^opinion de deux eminonts botaiiistes . . . apres 
. . . il in’a adresse une etiquette impriinee conforine a nia determination 
. . * ehacun pent voir et lire dans la Monographie (POlof Hanunar quels 
sont les caracteres distinctifs tres nets des F. rapreohitir et des F, a(frarifp 
... fie me plais a croire <pie les boianiste^^ un pen an courant du genre 
Fumaria n'auront pas de peine a roeonnaitre (jiie la plante d(^ M. Martin 
appartient aii groupe du F. capreolata ei rien de comnuin avec le F. oHiJor, 
Bad. . . . Notre plante iPa d^uialogie reelle (ju'avee le F, Hora'U Jord., 
muralis, Hond. et speciosa, Jord., et j^ijoute qu’elle se difttingiie <Ie ees trois 
dernieros formes elles-mem(‘s par plusieurs caracteres. . . . En soinme, si, 
comme croyaient Kocli et Somler, la terminaison ogi\ale du fruit a une 
serieu'-e importance, c’est du F, nmralis (|ue notre plante s(‘ rapproche le 
plus, malgre la dimension ires difterente de ses tliuirs. Si, an contraire, ce 
caractere de rachaine ir’etaii guere ici qu’un accident, comme il '-e pourrait, 
notre plante so scjiarerait bion pen du F, liorni^ Jord.'' 

It will thus be seen that <3avaud was the first to notice and to describe the 
true affinities of this fumitory, and that the restoration of his name, F, Martinii, 
is clearly due to him. In empha Jzing its likeness to F, maralis and F, Honvi, 
however, he scarcely allows sufficient importanco to the long, lax, short- 
pedunelcd racemes tliat lend it the general facies of 7\ major. 

Bony (Kl. France, i. 172) refers Martin^s plant to F, Jlabellata, Clasp,—a 
s[)ecies lacking even the su[)erticial resemblance that connects it with 
F. major. 

When growing, F, Mart'inh is a remarkably beautiful plant ouing to its 
long and graceful raciunes and its brillianth^ coloured flowers. 

Jt is evidently distributed through the Iberian Peninsula, whence its range 
extends through Western France to Southern Britain. Its K[)anish localities 
at present known are Navalmoral, Estremadura (Bonrgean, 1803, as 
F, BamtardiiV), Calatayud, Aragon (Vicloso, 190(>, as F, affmisl), Ameyiigo, 
Ayelas, Paucorho, (\»sti!e (ISennen, 1906, as P. mvralis var. Paa/!), and 
Almeria, Andalusia (Hiiter, Porta & Bigo, 1879, as nmralis !). In 
Portugal it occurs at Viinioso, Pinello (Mariz, 1888, as F. a//mWrt!), and 
probably" in other localities, where it has been confused with F, muralis 
suhsp. Borai, The only French station^ known are Roinorantin, Loir-et- 
(ffier (Martin, 1884 1), Gattevillo, Manche (Tardieu, 1880, us F, Borai 1) and 
Rennes, Bretagne (Hb. Kew, as F. capreolafal). In Britain, in addition* 
to Penryn, (yornwall (l)avey, 1904 I), it grows in the island of Guernsey 
(Pugsley, 1914!), 
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ISS!. Fumabia skpium, Boi^sicr, Diag. PI. Or. Sor. il. No. 1, p. Id (1853) ; 

Hamm. Mon. 27 (1857) ; Haussk. in Flora, Ivi. 525 (1873). 

F. mnralis var. /datyearpa, Houy & Foucaud, FI. Fr. i. 173 (1893). 

(P1.9, figs. 8, 9.) 

E^sicv. Boi^•^. & Ketiter, Algpcira?, 1849, in Hb. Boiss.! Wolloy-Dod,. 
VI Oulpensis (Algeciras), Nos. 1711! et 201 ! 

Fumuiia anntia,rainosa,elongata,sa>pe petioliscirrhosis longe late- 
que 9 eamhn.s Folia iriegulariter 2-3-pinnatisecta, foliolis in lobos oblongos, 
cuneatos \cl o^ato-rohindos plus nunus^e obtusos et saepiiis longiuseule 
mucromitos fissis prwdita. liacemi huvinscyli, paucifiori ((i- 12 -flori),^>erf«nct«/i 5 
gracilibiis vulgo strictis rarius paulo incurvatis breciores, Bractew angusto 
lineari-Ianceolatae, bctaceo-aenininatso, j>ed{cellos fructifcros 5 nun. longos, 
tenuibsiinos, erecto-^patenteh^ htrictos *vel flexuosos infimw .suhwpianteSy eetorfo 
breviores. Sepala 4-5 mm, longa^ 2-2*5 mm, lata^ ovata (in forinis umbrosis 
angiistiora, lanceolata), peltata, pins mimjs\e acuminata, ba^i paicedentata 
alilcr sMntegra, praMcr nervuni dorsalem ^iridein albida, coiolhe tiibo 
fequilata. Corolla mayna^ 12-1^ mm, longa^ speiiom, ioseo-alhida^ prgesertim 
apioem versus la^te rubescens (in floribiis senoribiis pallida et interduni 
eunspicue minor) ; petalo superiore sobncntoy vix dorbuni compresso, 
calcare longo deflexo ah^que iiiteufee atropvrpnreis n^flexis carinam paulo 
oxcedentibussedapicein vixattingentibus pra?dito; petalo injertore marginihv,s 
migiistusimu ereciis re/ huhpatentihui> apieem baud attingontibus acuto, sa^pe 
libero defloxo; petalis intorioribus albidis vel rubescentibiis apice atropurpureis. 
FructuB parvis circa 2 nun. longi ac lati, Bnbrottmdi, obfoisi^ssimi) subcompressi, 
carinati, in vivo inferne in stipitem paulo obscuiuin qnani pedicelli apex 
pauiisper angustiorem contructi, siccitute heves apicis foveolis parvib notati, 

Descriptio secundum exemplaiia viva ad Algeeiras (in loco chissico) a 
Major Wolley-Dod collecta, Martio, 1913. 

)9. gaditana^ var, nov, 

F> gaditava, Haus&k. I, c, 547; Willkonun & Lange, FI. ILsp. iii. 879 
(1880). 

Ejcsur, Boissier & Keuter, Tangier, 1849, in Hb. Boiss.! Boissier & Reuter, 
Grazaleina, Prov. Granada, 1849, in Hb. Boiss.! Wolley-Dod, FI. Oalpensis, 
Nos, 1629 ! 1647 ! 1701! ^ 

Racemi densiores, vulgo 10-16-flori; pedunculi j)edicellique robustiores. 
Hractea guam in typo hrevioreB latioresque, lineari-oblongfe, acuminatae, 
pedieelloruin longitudinem diinidiam ])anlo supeiantes. Sepala 3-4 nini. 
longa, 1*5-2 uim. lata, ohlongo-ovaia^ acuta, saltern basin versus parce 
irregulariter dentata. Corolla typi sed tandem sfcpe omnino rubescens. 
Fruvtih qnam in typo majores, 2*5 inin. longi uc lati, subrotundo^qiiadiati. 

H^c pulchi-a species, cujus prinmm forma ninbrosa floribns depauperatis 
a cl* Boissier et a cl. Haniiuar descripta est, nunc e plantfi, normali depingitur. 
Inter F, capreolatam et F, miiralem medium fere tenet, sed ub altera raoemia 
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paiicifloris, pedicellis toniiibus ne<* reciirvatis, sepalis niinoribii'^, sine stipite 
ilistincto fructibus, ab altera foJioriiin segment is latioribns, peduneulis 
longioribus, sepalis Mjbintegris, eorollis angustieribiis albidis nec roseis })lane 
JifEert. 

K macvosppala et h\ herherini .sul)sectionis ('apreolahintm pedicellis 
•crassioribu^, bracteis sepalis<|ue majoribiis, friictibiis inajoribus rugosis nec 
laevibns laoile separandie sunt. 

Spe(‘iei iypus hactenns in Algeciras Bjetica? solum inventus e>t, sod varietas 
^fuditana freti Cxaditani eontrarias partes in Badica et in Mauritania, habitat. 
Exemplar nunc in lierbario Mus. Brit, a el. R. P. Murray ad >epe 9 prope 
’(h*ntram LusitaniiO collectum ad banc sj»ecieni. nt videtur, (diam reieren- 
sium est. 

This tine but local fumitory was originally described by Boissicr from a 
depau[)(»rate form, collected at Alge^ciias late in the s(»ason, in which, as 
sonudimes hap]»ens with other species, the sepals w(‘re particularly narrow. 
The flowers of this material were so poor that its identity with other 
specimens obtained the same year by Bois‘<ier & Ibuiter at Tangier, 
Grazalema, and (xibr'iltar does not appear to have been recognized by 
Boissier or later by Haiissknecht, although the Tangier example in Herb. 
Boissier is labelled F. sepUtm in the handwriting of Iteuter. 

J'hese last-named plants, as repi’csented in Herb. Boissi<‘r, are more or less 
normal, though collected late, and form the basis of Haussknecht’s 
F, fiaditam^ whi(di ho seems to have regarded as in no way related to the 
F. sppium from Algeciras. But it is clear thal the original F, sppwm is a 
depauperate shade-form, and its specific identity with F, padlfana, first 
suggested by Willkomm & Lange (/.c.), may be confirmed by a comparison 
with Porta &Rigo, Iter IV Hisp. 1895, No. filO'^ from Algeciras and the 
specimens collected in 1913 by Major Wollev-Dod in Bois.sier^s original 
locality, some of which are shade-forms plainly showing a transition to the 
state of the plant as found by Boissier. As Bois^ier's name* antedates 
F, (jadUana^ it must necessarily stand for the species, and as the plant of 
Algeciras, which is thus tlie specific type, seems to differ in minor details 
from that found at Gibraltar and elsewbon% this latter form has been 
distinguished as a separate variety ijaditana, 

23. Ftmakia mc’HAUs, Sender in litt. ap. Koch, Synopsis FI. Germ. ed. 2 , 
Appx.1017 (1845); Ilaussk.inFlora,Ivi.523 (1873); Pugsley in dourn. 
Bot. xl. 175 (1902), et Finn, in Brit. Jfi, 22 & 74, excl. F, apirnlafa 
in syn. (1912). F, capreolata j3. BttrchpUu, DC. Syst. ii. 133 (1821) ; 
media 7 . muralis^ Hannn. Mon. 29 (1857), non F. media, Lois. 

Ictmes, FI. Danica, tab, 2473 ; Hamm. L<\ tab. 4, ut media y.mumlis 
(fructu obiiiso) ; Journ. Bot. xl. tab. 436, fig. 4. 

Exsiccn Billot, FI. G. & G. No. 2807! Mandon, PI. Mader. No. 5! 
Bourgeau, PI. Caiinr. No. 1173, ut F. ojffiriaalis ! 
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Fiimaria unniuu hahttu semper gracili et sa^piiis exiguo, interdum in jirvi®* 
»ubereeta, ramosior, interdum diffusa \el petiolis cirrhosis scandens.* 
«^F<diairr 6 gulariter 2 -.*i-pimmtisocta, nonnunquam plus ininusve glauca, foliolis 
(ssepius |'ar^is) in lobos oblongo*» nmcronatos a el lunceolatos aoutos fissis. 
Mmemi luj'hfuufli, paiicijion (sfcpissime sub- 12 -flori), [tedimevlos graciles 
rie<^tos incur\at()s\e aguanfes. Bractew lineari*lano€olat«e, acuminate, 
pedicellis fructiferis tcnuibus qui plorumqiie recti ot erect^'-patentfs &ed rarius 
ffexuosi ot |)aulo recurvati sunt tertid parte brevlores, Sepala 3-4 mm. longa^ 
1 * 6-2 mm. lata., orafa, j)elt<ita, ssopissirae acuminata, pra^sortim basin versus 
et in margino inferiore j)lus minusve dentata., prjcter nervuin dorsalem 
vi|udiusculam albida vel rosoo-albida, latitudine corolte tubnm sequantia,. 
Corolla 9-10 mm. longa. roi^ea; gyetalo superiore dorsum comprossiusculo, 
baud lato, alts atropurpureis reflexis carinam superantibus apicomque fere 
attingentibiis apicnlato et, ut in floribus junioribna saltern ^ idotur, spaibulato; 
calcaro sopala fore fcquante ; petalo inferiore marginibvs erectia angustissirnis 
aouto \oI apiculiito ; potalis interioribiis sursuin curvatis apice atiopiiipureis, 
FraetCLs pant aoI otiam minimi, circa 2 mm. longi (apiciilo nicluM>) ot 
lutitudino paiilo ininores, sybroinndo-ovati\e\ subrotundi,usquoad maturitatem 
acuthfsruU rel ohtast brovissiine a/nciilat!, in stipitem pro })0 obsolotnin inforne 
angustati, parum ooinprebsi et obscure carinati, in siceo apicis fovoolis par\is* 
saqnus paululum obscuris Iceves. 

! FructAs siibglobosi ^ine apiculo obtusi. 

13, laia^ Lowo, FU Muder. i. 15 (1868). 

Horba virescens, folioruiii segnieiitis latiusculis, racemis 8 -J S-fiori*', sepalis 
subiniegris^ corollis nsgue ad 12 mm. longis, late roseis apico atropurpureis, 
fnicfthus obtusis mhgloboaie obsolete rugulosis. 

Lowe'b types of this Madeira variety, notable for its large, bright flowers 
with almost entire sepals, are in Herb. Mus, Brit. 

[ 7 . Lehelii, Rouy & Foucaud, FI. Fr. i. 173 (1893) ; non vidi. 

This plant appears to be chiefly notable £01 its dense racemcb and broad 
bractb and sepals.] 

8 . Lowei^ Pugsley, Fuin. in Brit. 17 & 23 (1912). 

In addition to the points of distinction already assigned to this \ariety, 
its sepals arc commonly broader and le&s acuminate than in the specitic 
type. 

Lowe's specimens referable to this variety are in Herb. Mus. Brit. 

! I FructAs subrotuudo-ovati, acutiusculi vel hrevissime apiculati. 
e. dectpiens^ Pugsley, Fum. in Brit* 23 (1912). 
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F, Borm 8 . mumlifonnis^ Clavaud, FI. Girondo, p. 49 and PI. iii. B 2 (1882), 
appears from authentic material to ho a form of F. mnraVis (*losely allied to 
var. Lowet^ and his t^erna and 7 . serotina early and late states of the same 
form. 

The present remarkable distribution of F. is shou n at pages 23 

& 74 of Fffm<tria in Britain.^’ Another link in the chain of habitats extending 
from north-western Europe and the Atlantic Islands round South Africa to 
the East Indies and New Zealand is supplied by a s])ecimen in Herb. Mus. 
Brit, (erroneously referred to F, parrijfora, Lam.) from Utakamand, in the 
Nilghiris of Southern India. 

The variety deopiens occurs in Western France (Keverchon, lioche-sur- 
Yon, Vendee, 1882, as F, .HoT<r\ 1) as well as in Britain. 

23a. Subspecies nkolecta, Pngsley, Fum. in Brii. 20 & 24 (1912). 

Ivon, Pugslcy, /. c. fig. 2 (Joiirn. Bot. 1. tab. 519). 

23/>. Subsj)ecie 8 Bouaci, Pugsley in Journ. Bot. xl. J32,175 k 180 (1902) ; 
Fum. in Brit. 18 & 25 (1912). Jordan in Cat. Grenoble 

(1849), et Pugillus, 4 (1852); Haussk. in Flora, Ivi, 520 (1873); 
F, Hastardii ,8, UKfjor, Boreaii in Duchartre, Hev. Bor. ii. 359 
(184()-7); F. media a. fj/pivd, Hamm. Mon. 28, cxcJ syn. partim 
(1857), non F, media, Lois. (PI. 9 , fig. 10 .) 

Jvones, Curtis, FI. Londinensis, Ii. tab. 145 (fasc. vi. 47), ui F. capreolata; 
Smith, Eng. Bot. 943, ut F. vapreolata ; Hamm. /. r. tab. .3, nt F, media a. 
typiva ; Jonrn. Bot. xi. tab. 430, fig. 5. 

FJ.vsicc, Billot, FI, G. & G. Nos. 2209 et 2209 his, ut F, Bonril Schultz, 
Herb. Norm. No. 1007, ut F. Homi ! 

Funiaria sjcpius rolmsta et satis ramosa, in arvis snberccta ^el plus minusve 
diffusa, in sepibus miirisque elongata et.sa‘pe potiolis cirrhosis valde scandens. 
Folia irregulariter 2--3-pinnatisecta, viridia (raro plus minusve glaiica), 
foliolis in lob )s oblongos ^el late cnneiformes, acutos \el mucronatos tissis. 
Racemi laxiuecidi, hand multiflori (sub-15-fl()ri), pedunculos siihtvquantes, 
Bravteo’ lineari-lanceolata', acuminata^ pedivellis pauliilum crassis rectis erecto* 
patentibus (alitpianto fiexuosis vel recurvatis in formis umbrosis) paulo 
(interdum tertifi parte) hrtriorea, Sepala 4~5 mm, lonya, 2*5-3 mm. lata, 
iwata vel snbrotundo-ovata, peltata, acuta vel breviter acuminata, sa'pissiine 
basin versus irreyularifer dentata sed raro subintegra, prapter nervum 
viridiusculum albida vel roseo-albida, corolla? tiibo latiora etinferne contigua. 
Corolla 10-12 mm. lonya, rosea vel raro rubra (forma inibens) ; petalo 
superiore lato, dorsum compresso, alis atropu'ipureis reflexis earinam 
stiperantibus apicemque sa'pe attingentibus acnto, apiculato vel etiam ohtuso,, 
in gemmis ante alarum refiexionem spathulato, cjilcaro sepalis breviore ; 
petalo inferiore marginihus angustissimis erevtis rarissime patuiis acuto, ssepe 
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HWro deflexo ; p«talis inferioribu*? sursiini curvatis apice ahopnrpiireis. 

modiei, circa 2*5 mm. longi, 2-2*25 mm. lati. ohocati vel subrotiindo- 
obovati, ohtHsibsmu puulo coinpre«si sed obscure (arinail, et in stipitein 
ofcscttrum quam pedicelli apex baud latiorein infcrne angustati, siccit<»te apicis 
fbyeolis pirvis distinctis lares aat leuter nigalosu 

! Flores fere t\pi ; finchls subquadraii, riijrulosi. 

/3. amhajm, Pu^*?lcy in Journ. Bot xl. 178 L 180 (1902;; Fuin, in 
Brit. 20 (1912). 

Varieia^* typi liabitu *sed folionim lobis angustioiibus Linceolatis, sepalis 
angustioribus acuminatis, corollis paulo ininoribus. Frurtm feie 2*5 mm. 
longi, latitiidinc paulisper luinore-*, suhquadraft et 7nferne\n stipitein pedicelli 
apicem stltem tcquantem ri.r atujastah^ quam in F. Borai aliis iorinis magu 
€om 2 >ressi^ in si( eo apicis foveolis obsonris leviter rugulo&i. 

7 hispanita^ vai. nov 

K,rsic(. Porta & Kigo, Iter 11 Hisp. 1890, No. 105, Almeria, Barraiico 
del Caballar, ut F, media^ ^ar. mat alls ! 

Varietas bnuteis lanceolatis acuminatis pednellos patulos pat(»nti-i eeurvosve 
<jeqaanfihas vel infimis paulo superantibus, fruitihas 2*25 min. longis, 2 mm. 
latis, subrotundo-quadilitis, obtusisvinns, Inferne paululum aiigustatis, plane 
rugulos/s. Ahtei ntint\[)o 

This plant is remaikublc among the foims ot th<» subspecies Boren for its 
largo, broad bracts and distinctly rugulose iruits. 

!! Flores minoies ; liuctus subrotundo-obovati, feie Ireves ; 
pbintfv gra^dliores. 

S. gracilis^ Fugsley, Fum in Brit. 19 At 2G (1912). 

€. hntanatea, Pugsley, Fum. in Brit. 19 & 27 (1912). 

K.vsuc. Marshall, No. 2915, ut F. Borai ^ar. serotma ! 

longibracteafa^ Pugsley, Fum, in Brit. 19 & ::f7 (1912), ut sub- 
^arietas, 

Hybrids between this subspecies and F. ofltdnahs^ quite barren and inter¬ 
mediate in characteis, ha^e been olwerAed in (lueinsey and in the south of 
England. 

The subspecies Borai is a rare plant except in the Biitisli I-lands and the 
north and Vest ot Fiance, but there aie specimens from Hesse, German 
and from Sweden in Herb. C. Bailey, and one from Norway in Herb* Kew. 
Goutinho records it for Poitugal, and it occurs in Spam, wbeie it is reported 
by Haussknecht to giow commonlv about Gibialtai and elsewhere in 
Southern Andalusia. As Major Wolley-Dod, however, leccntly failed to 
find it in that district, and met wdtii F, se/aum in abundance, it is probable 
ibat these two plants lia\o been confused. 
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The records for Morocco and Algeria, though supported by the authority 
l>oth of Hainiiiar and Haussknecht, may also be doul)ted, tb(‘ plants o’o^erved 
in these two countries being probably F, sepium and F, Minihfji lespecrixely. 
Haminar’s records for the Canaries and South Africa doubtless refer to true 
F, muraliSf to which likewise (perhaps var. hrta) Haussknechi's Madeira 
locality in all proljability belongs. The recognition of the subspecies Form 
4ind of F, mvralis as Italian plants by Nicotra (Le Funiar. Ital.) seems due ^ 
to confusion with forms of F. Fastardiu 

X Fumakia Paintkkt, Pugsley, Fum. in Brit. 2[) (11)12). 

Iron. Pugsley Lr. fig. 3 (Journ. Bot. 1, tab. 519). 

Although of presumably hyl»rid origin (F. murolis subsp. Foro] x 
F. officinalis ?) this plant appears to merit recognition as a more or less 
established form, differing from other known FamarlaAiyhrids in its general 
•development of perfect fruits. 

24 Fumauia Ai'iCLLATA. Lange, Jnd. Sem. Haiin. 23, et Ann. Sci. Nat. 
Ser. ]v. ii. 371 (lt:i54) ; Hamm. Mon. Sliigt. Finn. 30 (1854), el Mon* 
31 (1857). F. Reuter}^ Boiss. Diag. PI. Or. ii.No. 8, p. 13 (1849), et 
Pugillus,4 (1852),ex parte; Haussk.in Flora, Ivi. 538 (1873) ; F. media 
h. (tpiculafa., Willkomm k Lange, FI. Hisp. iii. 882 (1880), non 
F. media., Lois. 

Icon. Hamm. /. c. tab. 4. 

Exsicc. Lange, Escorial, 1851, in Hb. Boiss.! Beuter, (Vstella prope 
Mirafiores ad radices Sierra* do (xuadarrama, in Hb. Bois**., ut F. Rrnteri ! 
Durieii, PI. Sel. Hispano-Lusit. Sec. 1, Astiiricic, 1835, No. 413, Cangas de 
Tineo, ut F. capreoUifa ! Lange, (k)rdoba ad sepes, 1852, in Hb. Kevv, 
ut F. Form ! 

Ha*c species liispanica, qua* a cl. Hammar cum icone bene descripta est, 
quunquam cum F. Jieaferi confusa, sine dubio F, mnrutlem (^sensu stricio) 
inaxime refert. A F, mnrnli folioriim loins angustioribus, raceinis bre- 
vissime pediinculatis, pedicellis fere erectis noc ereeto-patentibus, «epalis 
angustioribus ovato-lanceolatis paucideiitatis, petalo siiperiore anguslato 
acuto, fructibus longioribiis cum apieulo minimo persistente obtusiusciilis 
separari potest. 

F, Reuteriy planta (jranateiisis qua* ad F. Ihnretiiy Boiss, a cl. Haussknecht 
transbita est, foliorum laciniis etiam angustioribus, })edicellis patentibus, 
sepalis late oblongis, corollis minoribus (raro 10 mm. longis), fructibus 
minimis subacutis siipitatis jdane differt. 

The closely coliering petals mentioned in HammaFs diagnosis are 
characteristic of weak or shaile-grown plants in this as in other sp<»cies. 
In good flowers the lower petal of E\ apiculata is deflexed and free, as is well 
shown in the Durieu example in Herb. Kew. 
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This fumitory luis been the subject of considerable confusion* It was first 
iticladed in 1849 in the original account ot F. Reuten^ a apeoies founded by 
^<^ssi«r on two Spanish plants, one from (\i8tile and the other fronm the 
Sierra Nevada in Andalusia. ¥i\e veais later a second species, also 
Ibandecl on a (^a^^tilian plant, was established by Lange as F, apicvlata^ 
In Hammar^s Monograph these two species are retained, the description of 
lieuien being taken from Boissiers original diagnosis and a specimen, 
probably Andalusian, sent by him to Flies, while F, aj>irnlata is described 
and figured from living, cultivated plants presumably grown from seed 
oMained from Lange. iHaussknecht, who examined the original material of 
these plants in Herb Boissier, detected that the two Spanish examples cited 
for F, R(*ntert were essentially difierent, and retained Boissier^s name for the 
C’astilian plant, leferring tho Andalusian one to the (Treek P\ Fhuretii, 
which if closelj resembles. At the same time he made F, aplmlata, Lgc , 
of which Ueib. Boissier also contains an original specimen, a synonym of 
F. Bond. This aiTangement is lefiected in Willkomm & Lange^s 

* Flora Hispanica*’ (except that F. apiculata theie becomes media S: 
a/denlata), hut the authors do not appeir familiar with the ('astilian form 
jdaced under F. Reuieri or witli Boissieris Andalusian plant. 

It is evident from the types in Herb. Boissier that Hau^sknecht corioctly 
separated the two plants on which F, Reifteri was founded by Boissier. 
But the original specimens also show with nearly equal certainty that the 
Castilian F, Reuteri is conspecific with F. apuulata, Lgc., described from the 
same district, and th t the‘*e two plants while allie»d to 7^ murala^^ are 
distinct Iroin it and fiom all other descidbed forms. Thev agree well with 
HammarS diagnosis of F, apuulata^ except that (lie tiuiting pedicels are 
marked]} suberect, as noted by Lange, instead ot ‘‘erecto-paTentes," and the 
fruit perhaps less oval than ovate. 

The nomenclatui’e of these plants is involved, for of tlie two forms 
uidginally included by Boissier under Reuteri^ that inhabiting Andalusia 
is apparently described under this name by Hatnmai, while Haussknecht 
restricts the name to the (^istilian form It is clear that this latter plant 
was the firht to be segregated (as F. apkulata, Lange), and hence it seems 
preferable to apply BoissierV name to the Andalusian form and to maintain 
F^ a/nculafa^ Lange, for that disoovei'ed in Castile. Mor-eover. altliougli 
both plants were originally cited for F. lienteri by Boissier, it is probable 
from the terms of his diagnosis that it was actually taken from the Andalusian 
^ooe which he hini’^elf collected, rather than from the (‘astilian plant gathered 
Reuter which he united with it. 

^5 . Fumauia Petteki, Reichenbach, leones Fk Germ. iii. 1 (1838); Parlatore, 
Mon. Fum. 85 Q844),ex parte ; Visiani, FI. Dalmatica, iii. 98 (1852), 
et Suppl i. 118 (1872) ; Hamm. Mon. 32 (1857), ex parte ; Schlosser 
& Viikot. FI. Croatico, 205 (1869). 
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Jeon, lleiclib. /. c, tub. 2, fig. 4453 h. 

Exmr. Pichler, Mfce. Marian bei Spulato, 1885, in Hb. Ziiricb aiul Hb. 
C. Bailey ! Huter, FI. Exsicc. Aiistro-Hungarica, No. 2900, cult,, orig. (Missa 
in insnbi Lesina ! 

Fuinaria annua, multo ranio^a, diftusa, vix seandens. Folia 

irregulariter 2~3-})innati.seeta, foliolis flabollatis longiuscule petiolatis in 
lobos sajpissiine oblongos inurronatos fissis. Havemi hand nmltiflon 

(vulgo sub-12-, raro ad 18-flori), brovissiine [XHlnnculati ant siibsessiles. 
Bmetew lineari-lanceolate, acuininabe, albida*, i^edicellos fructifeios a})ice in- 
crussatios pat tilos ref ereefo-jtatonfes (rariiH paulo recur vos) stihaqiiantes, Sepala 
3*5“4’5 tnni. loni/Ot 2—2*5 ntnt, iata^ oralia rel sttbvhotnhea^ conspicue peltaiu, 
subacuta, pnesertim inediuin versus irregulariter uni- \el patiriilentala^ rarius 
iiitegriuscula, nervo dorsali viridi sa‘pe la to albida, eorolbe tubo paululum 
latiora. Corolla 9—10*5 tnot, lomja^ rosea : petalo saperlore aapastnto sahacato 
alls atrojatrpnrels reflexis apicoin raro attiiigentibu.s earinainque viridein 
abrupte terininatam vix aMpiantibu.s et caleare longo ads(‘endent(‘ |)ra^ditu ; 
petalo iitferlore imirpinihas anpasLissimls erevtis siibacuto : pelalia iiif(M*ioribus 
fere rectis a})iee atrojmrpnreis. Frurltis ined'iorres,, 2*5-2*75 nun. loiigi et 
2 nun. lati, orafi v<d f(‘r(‘ turbine!, jdus ininusve apice aftenaat'i^ arafittsnd!^ 
prope basin latissinii et in stipitein obseuriiin quain pedieelli apex angustioreni 
abrupte angustati, <‘arinati (‘t paulo compressi, sic(*itat(‘ apieis I’oveolis 
alignsti's satis di'^tinctis riajtilosi. 

Hfoc species raeoniis fere subsessilibiiN sepalis siilirboinbeis, corolla anguste 
alatil, fructibus ovatis fere lurbineis jdus ininusve attenuatis acntiu'^enlis inter 
aftines notabilis est. 

A[)nd el. Boissier in ‘Flora Orientalis,' i. 137 (1807), speciniina F. Feiferi 
dalinatica a cl. Potter aecepta F, (iassonei,, Boiss. affines >el fornne sunt, 
sed bajc planta,<|uaj vero Famarav Bastardil^ Bor. solum varietas est, rac(»niis 
plane pedunculatis, sepalis serratis multo niinoribus, petalo superiore latius 
alato, potali inferioris niarginibiis patulis, fructibus subrotundis obtiisis 
longe distat. 

A F, tnurall, Sond., qujc in Kocb, Synopsis FI. (iermanicjo, ed. 2, p. 435, 
adhane speciem relata est, F, Fetter! racemis subsessilibus, sejnilis subrhoinbeis 
paucidontatis, petalo superiore angustius ulato, fructibus ovatis attenuatis 
plane sejiaratur. 

Baceini laxi floribus inagnis inultiflori et friictiis qui quidcni acutiusculi 
sed subrotundi nec ovati sunt etiaiii Famariam Marttniiy Clav. sejungunt. 

F. Munhi/i,, Boiss. racemis nniltifloris longius pedunculatis, sepalis niagis^ 
dentatis, corollis majoribus cum inferioris petal! inarginibus patulis, fructibus. 
subrotundis duplo niinoribus facile distinguitur. 

F, apiculata^ Lge. pedicellis suberoctis, sepalis ovato-lanceolatis, petalo 
superiore acutiore sed ^ilis latioribus priedito, fructibus apiculatis lavibus 
cum liac specie confiindi non potest. 
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IiieicemplariljiTiFLEKsicc*. Austro-Hiinjyarica, No. 29001, floros fructdsque, 
lit ill fuinariis caltis ex|)eotandiim est, niinores sunt quam in speciminibus 
55ttgf©stibus <|Ufie cl. Th. Pichler in vineis ad montem Marian pi ope Spniaio 
^ iddilegit. 

i F. Pefteri montem Marian prope Spalato, in^sulse Lesinai Clis«ain et forsan 
r locos alios in D*dmatia habitat. 

I The application of tlie name F Petten^ Kchb. to this apparend^ rare 
I Dalmatian j)Iant has been decided on only alter careful consideration. 
^ Although it ap|)ear 8 fiom HainmarN note (Mon. p. 33) that Fetter sent out 
^ Various tumitorie*^ under this name, it seems fairly certain that the Dalmatian 
I plant on which Keichenbach founded his species was that cited in Visiani^'^ 
I FI Dalinatioa, >iz.:—“Fetter, Bot. Wegw. No. 421, non LoN.^^ 
^ (1832), which was collected by Fetter at Spalato. Hanimar regards this 
i plant as conspocific with F. Thuretu^ Boi‘»^ , but Boissier f/. (. supra) entirely 
I dissents from this view, regarding F. Petten^ Hcbb. as allied rather with 
5 F, Gussonei, Haussknecht reduces F, Petten, Kchh. to a synonym of 
F, (rimoneiy and Halacsy (FI. Qrjec. i. 48 (1901)) uses the name in preierence 
to F, Gussone! for Boissier’s plant. Koch again likened F. Petteri^ Hchb. to 
f F* mitrahf*^ which he first referred to it supra). 

f An explanation of these differing \iews is afforded bj the later Spalato 
ajMBcimens collected by T. Fielder and lefened to A'. Wter/, Rcbb., which 
i agree with Beichenbaclds account, taken in conjunction with the diagnoses in 
' the Horas of Dalmatia and (h’oatia, and are no doubt identical with Petter\ 
original plant described by lleichenbach. It may be seen from these 
specimens that while the species produces flowers lesembling those* of 
F, Thuretii and similarly borne in subsessile racemes, thus accounting tor 
Hammar’s union of the two forms, its habit and foliage are \e!y difieient and 
rather recall F. muralis and F, Gus^sonet^ as was noticed b\ Kocdi and 
Boissier rehpectively. The ovate, attenuate foim of the fruit in F. Petteri^ 
moreover, is distinctly different from that obtaining in either of tho^e allied 
plants, and hence there seems sufficient reason for maintaining it as a separate 
apaoies. 

Hammar^s figure of F, Pefteri (Mon., tab. iv.) seems compounded of this 
and the following species, the foliage and corolla lecalling F. Petteri^ ami 
the pedicel, sej)al and fruit F, Thuretii. 

Senes Sub-LatisepalsB. 

Sepala inajuscula ; petal! iuferioris inargiues angiistissimi, erecti uutrarius 
flttbpatentes obscure apice dilatati; froctus minimi, plus niinusve rugiilosi; 
JEoliorurn lacinice relative angustoo ; flores ininoies in racemis snbsessilibus. 

£ 6 , Fomaria Thuretii, Boissier, Diag. PI. Or. Ser. a. No. 1, p. 15 (1853) ; 

FI. Orient, i. 137 (1867); Baussk. in Flora, Ivi. 494 (1873), excl. loc. 
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bisp.; Hiibicsy, FI. Gm^c. i. 46 (IDOl). J\ Petten, Hanmi. Mon. 32 
(1857), ex parte, non Keicbb. 

Kvsicc. Heldreicb, Herb, (rrfoc. Norm. No. 1005 ! 

Fnmuria annua, habitu satis rohasto, prfeci[)nt‘ raniosa, nunc suberecta 
et sR'pe naiui nunc in fornii^s umbrosis difiujsa Mibscandens. Folia irregulariter 
2-3-pinnatisecta, glaucescentia, Iblioli-. (sjepiiis j)arvih) in lobos oblongos 
inucronatos vel lineari-oblongos acutos fisais. Pacenti strphis ?a?4Z^i-(]5~35-) 
fori^ sub anthesin den^i, tandem elomjati^ hrevissime pedif7}culafi vel subsessiles. 
Bnuiete siiblanceolata;, acuminata', jtedieeUob iructiferos breviusculos apice 
incrassato*^, u( in F, eapreolatd arcnato^^eeavvos (in forniis uinbrosis vulgo 
rectos divaricatos), sidunjaanies. Sepala 2*5-3 mm, hm(ja^ 1*5-2 mm, laia^ 
ovata vel rarius subrhombea, peltata, acuta, parce irregulariter repatulo- 
dentata^ pra>ter uervuin dorsalem viridiusculuin albida vel subrosea, corollfc 
tubiim sulwcjuantia. Corolla circa 0 mm, lonpa^ intense rosea, ei F, Petteri 
subsiinilis ; petalo snperiore angnstato sidmcalo alis atropiupnreis reflexis apieem, 
raro attingentibus carinanique viridem subtrimcatam \ix {e([uantibus et 
calcare adscendente piu'dito ; peialo inferiore marginihvs angusti^siinis errctis 
acuto ; petali^ interioribus apice atropurpureis, Frneies minimi, circa 2 imn. 
lotigi a<* 1*5-1*75 mm, lati, ovati vel subrotundo-ovati, acntiasadi et interne 
in sti|)itein (juam pedicelli apex angustiorem (‘ontraeii, j)aulinn eompreshi et 
obscun* carinati, siceitate apicis foveolis minutis disiinetis plus minusve 
Tugnlosi. 

! (!orolla (luam in typo major ; foliorum lacinue angustiores. 

ft, /leldreirhii, Boiss. FI. Orient, i. 137 (18G7) : Halacsy, /. r. 40 (1901). 

F, Ileldreichii, Boiss, Diag. PI. Or. Ser. ii. No. 1, p. 16 (1853); 

Hamm. Lc. 33 (1857). 

Fa’sice, Hau>sknecbt, Iter Gra»cum, 1885, Athena*, in valle Opliissi, in 
HI). Mils. Brit., ut F, Jleldreichii I 

Varietas habitu subscandeiite ot foUis pallitle virentibiis in lacinias linearis 
ohlongas fissis. Bractese lineari-laneeolata', pedmu'ulos t’ructiferos recurvos 
jeqiiantes. Corolla plus 9 mm. longa, pallide rosea, FructHs minimi, vix 
2 mm. longi et paululum angustiores, svbrotundi et breviter acutiusculi, 
levissimo rugulosi. Aliter ut in typo. 

The exsiccata of this variety, ‘^Heldreicb, Heib. Grasc. Norm. No. 903,^’ 
as represented in Herb. Mus. Brit., is a lax and vigorous plant wdth suberect 
fruiting [)edioels and fruits less globose than ovoid, The station whence it 
was obtained, Mt. Pentelicos, produces a number of forms of this variable 
species. 

7 . dejlem, var. nov. 

F, dejlesra, Heuffel in Flora, xxxvi. 619 (1853). 

h\rsicc. HelUr. Herb. Gra^c. Norm. No. 10055, ut F. ThnreiiiL jl<ribunda\' 
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Fianta iypo rohfntiov^ iiiternodis longis 8fi?pe seandens. Folia ^lauca, 
Ua^mu lineari^obloiujis planis. Raremi stil)-80-flori, floribiis cernuis 
lamustenli; l)racteH* liiieari-lanceolata* pedic#*llos fruotiferos arcuitio-rFCurvfi^^ 
miniisve incniss*ato8 ^etjuante^ vel <>iliani siiperanteis. Corolla 9-10 mni 
JOiigu, rosea^ qnatn In tt/po major, Fructiis typi, iiiai apicis fov^oli^ panliilnm 
inajoribus. 

Tlio fruits of form are described by Heiiftel us ‘‘sabrotiindis obtusis/’ 
'but those observed in recent specimens from the Banatus (Degon, prope 
^Orsovam, 1904!), as well as in Heldreich^s Greek exsiceata, are of the 
*fiabrotund-ovute, subacute form seen in the speoitic type. 

! ! (’orolla qnaru in typo baud major ; pedicelli friictiferi raro recurs i. 

8 . pikernuana^ \ ur. nov. 

F, pikermiana^ Boiss. Diag. PI. Or. Ser. ii. No. 6, p. 9 (1859) ; FI. Orient, 
i. 187 (1887) ; Hatissk. /. c. 493 (1873) ; Haliicsy, Lc, 48 (1901). 

Icon, Stefani, Major & Barbey, Samos, tab. 5 (1891), lit F, pikermiana, 

F^rnicv, Giiieciardi^ No. 3189, Pikermi Articfp, in Hb. Boiss. ! Heldreich, 
No 771, (lielidofii Atticie, in Ilb. Boiss., ut F, hracteata ! Fielder, PI 
'Gra^c. E\sicc., Eubma, 1876, in Hb. Miis. Brit, ut F, TJ oretii Mir. plaoca ’ 
Haussk. Iter Grsecum, Laurion, 1885, in Hb. Mils. Brit., ut F. pikermiana I 

(^luHs multo raniosa; foltontm laeinin* lineari’^ohlota/a wepins obtiisu' 
mueronutae. Raremi la^vlihsculi hracteis bublanceolatis pedirelUh^ incrassatos 
patalos vulgo saperantihu,s, Flores intense rohei^ eis typi similes sed minore,s ; 
corolla 7-8*5 mni. longa. FructCis minimi, vix 2 mm. longi, ovati, acutiiiscnli. 
Aliter ut in typo. 

The material examined of tliis variety consists of branches of large plants 
gathered late and showing poor flowers. Although described as a distinct 
species by Boissier, and maintained as such both by Haussknecht and 
Halacs}, ]t is difficult to see how it essentially differs from F. Thurelii^ol 
which it possesses the characteiistic narrowly-winged corolla without (go far 
as can be seen) any sj)athulate dilation of the lower petal. The length of its 
bracts aie s^onietimes equalled in other forms of this species, and it may be 
doubted whether its small flowers and spreading pedicels are not merely the 
result of a depauperate condition such as sometimes produces similar features 
in F, rapreolata. The figure in ‘Samos’ also jiortrays the general features of 
F. Thurefii, excepting its recurved pedicels ; and the absence of wings to the 
upper petal of tlie enlarged flower in this plate seems due to an artist’s error, 
the wings being sufficiently indicated in the flowers of the racemes. In the 
absence of good material and in deference to the "views of botanists acquainted 
with the living plant, F, pikei*iniana is retained as a variety. 

The Zurich collection contains a nuinlier of varying depauperate or shade- 
forms of F. Tlinretii, mostly much branched, and showing ample foliage and 
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relatively few-flowered racemes with '^mall floweis and spreading fruiting 
pedicels. Some of these very closely appioach this \nvieiy />iUrmia h(i» 

€. tluisia, var. nov. 

/i’.r.sm* Sintenis & Bornmiiller, Iter Turcicnin^ 1891, No. 447 (Limenas, 
Insula Thasos), ut F. lliaretii^ Borntnuller, Iter Aiiatolicum tertium, 1899, 
No. 4046 (Mudania, Bithynia), ut F. anaioUra I 

Plaiita gracilis, scandens, racemis sul)-20-floris, ftedicelUs fructiferis 
^racfUhas^ sa'pins irrogul.iriter i^aUpatrntihuh nee iecur\is, brat led liuueolata 
acuminata plane }tm^ioi ihu\ ; typi sepalis et corolla, nisi j>elali ssai)erioris ahs 
atropurpnreis aftimfeatibn.s carinaimpie .superaniibtus ; frnctihiis minimis, 

Ai\ 2 mm. longis et 1*5 mm. latis, snhrotundo-oxatis, siihaciitis, in siceo 
minute rngulosi-'. 

IBcc Species variahilis ad Ftnnunam I^etteri accedit, sod foliorurn laciniis 
minoriluis augustioiihiisfine, pedicellis siepissime arcnato-recurvis, flonhus 
minoiihus, sepalis magis ovatis, tuu tihiis minimis nec inf(‘riie al)ruj)tc angiis- 
<tatis n(»(iiie a[)ic(‘ attenintis specifice diflerre ^idetur. 

F, Tknu'tu in (IraM'ia, uhi copiose cro'-cere videtur, in t pro, et in insiilis 
Principum ])i()pe B)/antinm in\en»tur ; vaiietates Hehitetdin A pil(rmiaaa 
in (ilia^cia ; ^ar. dejle,(a in (irjecia, in Banatu, et forsan i i Hercegovina et 
in Montenegro; ^al. thasta in insula olim turcica Thasos, et in Bithynia. 

This species, hoth as F. 7Vo//\///and is placed hj Ilanssknecht 

in the subsection LafisepaUt ot* the although included by JIammar 

among the (\(pr< olaftt. Clvsing to its ielati\ely tine loaf-cutting and large 
sepals it certainly approaches the Latisepala», but the examination ot good 
and aliundant material shows its floral features to lx* essenti«illy those of 
the section Grandi/lora, 

21. Fi MARIA ItuLrURi, Boissier, Diag. PI. Or. ii. No. 8, p. L’l (1849), et 
Pngilliis, 1 (18’>2), e\ paite; Hamm. Mon. il5 (18)7), (*\(*!. loc, not. 
(^astell,, ])io paite. F, T/iftrelil, Boiss. (ox jiarte) ap. Haussk. in 
Floia, Ivi. 494 (18711) , F. parnjlora segetalth, Hamm. /. r. 17, et 
Willkomm Si Lange, FI. Hisp. iii. 885 (1880), pio paito; F. .segetal!.s, 
(Joutinho, FI. Poitugal, 246 (19111), 

Ersirc. Boibsier, Siena Nevada ])rope ISan Oeroniino, in 11b. Ib'is.s.! Ball, 
Iter Hisp. 35, ox regione subalpma montimri R. Nevada, in jugis (Vrro 
Tesoro et La Oartajuela, 5-6000 ft., in Hb. Kew, ut F. brefica ! liiwerchon, 
Pl.d'Audalousie, 1889,Sieira do lionda,ut F. media \ar. u/nculaia ! Keverelion, 
PI. d’Espagne, 1891, No*. 572, Sierra de Segorbe, Valence, ut F. Hastardii ! 

Fumaiia annua, gracHe^ceihs, inulto ramosa, suboreeta vel diffusa, baud 
scandens. Folia irregulariler 3-pinntttiseetu,foliolis in lacinias parvas <*ontertas 
oblongas vel lineari-oblongas acubis vel niucronatas interdurn .subcunaliculatas 
fissis, Racemi lajfiasculi^ 10~18-flori, tandem elongati, hrevhsime peduneulati 
vel bubsossiles, Bractew lineari-oblongse, cubpidatoe, ^ iridescentes, pedirelks 
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tmetiferis apice panim inerassatis flexuosis irregulariter patentihis nee 
recwrviHjpaw/o hreviores. Sepala 2*5-3 twwi. loufja^ 1*5-2 mm, lata^ late ohUmgay 
peltata, brovit(‘r acuita vel obtiisa inueronata, basi sa;piii» snbtruncata, 
integriifscula vel parce irregulariter clemticulata, piaster nervurn dorsalem 
viridiuHCuluiu albida, corollaa tubo aiquilata. Corolla 9-10 mm. longa^ pallide 
roeea; j)efnlo mperiore subacuto, valcare magno longicollo deflexo sepala 
superante et alh aitopurpvreis reflexis npicein attingentibus carinamque 
paulIlium siiperantibus priedito ; petalo inferiore marainibvs angustissirais 
mhereclh iioninmquam iit in sectione Farrijloramm apice paululum dilatatis 
subaculo; petalis iiiterioribus fere rectis apice atropurpiireis. Fructm 
miohiii, angiisti, circa 2 mm. longi, 1*5 mm. lati, ocato-ellipfici, juxla medium 
lati^^simi, in apicem acniiosculxim vel fere acutiim et in stipitem angustissimum 
subtcqualiier aiigustati, paulo compressi ct plane carinati, siccitate apici& 
foNcolis minutis distinctis leriter ntgulosl. 

Ha'C rara planta, ab auctoribus multo confiisa et a cl. Haussknecht ad 
F, Thmiii relata, ei sine dubio valde affinis est sed liabitu minus robusto^ 
foliorum laciniis confertis minoribus, racemis cum pedicollis patentibns band 
mnltifloris, sepalis latioribus integriusculis, corollis pallidioribus petalo 
superiore latius alato calcare(pie longioie pnedito, fi uctibus semper angustis 
stipitatii satis diftert, 

F, HeuteA in regione aubalpina montium in Sierrii de Honda, in Sierra 
Nevada, et in Sierrii Segorbe Hispaniie ausiralis, atcpie in Sierra de Serpa 
Lusitaniie habitat, ubi indigeiia certe videtur. 

The contusion that has occurred betueen F, Feifterl and F. apiciilata^ JL<ge.,. 
giving rise to a complicated synonymy, has been dealt with under the latter 
specie^. 

A specimen collected at Granada hy liunge wa» associated with F. parciflora 
by Hammar as a variety segetalis (Mon. I,c j, dlthougli at first referred to 
F. Reuierl. Lange himself also named this plant F. Feiihm (in Kjoeb. 
Vidensk. Meddei. <>5 (18(55;), but afterwards in the ‘ Flora HispanicaMie 
followed Hammar, remarking, however, ‘‘forsan specifice di‘^tinoneiida.’^ 
Hammar^s diagno«iis of his var. seyetalibiT, tcJ) bnet for certain determination, 
but liunge^s clearly points to a plant specifically distinct from F, parviflora ; 
and on its discovery and recognition in Portugal it w^as raised to specific 
rank as F. mjetalh in Coutinho’s recent ‘ Flora de Portugal.^ Professor 
Ooutinho has been kind enough to send an authentic f^ortuguese specimen 
which confirms its identity with the original Andalusian F. Reuteri of 
Boissier, and F, parviflora /8. eegetalis^ Hamm, and F, segetalis^ Coutinho, 
iinist accordingly be added to the synonymy of that s{»ocies, with the 
modification j )!0 partein the case of the former, Hammar having also 
described the plant in question under the valid name F. Reuteri, 

F, Reuteri appr(*xiniates, both in flowers and in foliage, to the species of the 
section Furviflora, and more than any other member <»£ this subsection shows 
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a slight apical dilation of the lower petal. It is retained among the 
Grandiflorcp^ however, as it is obviouvsly much more closely allied to 
the preceding species F. Thuretn thiin to any inoinher of the small-flowered 
group. 

SeottoII. PAEVJFLOEA. 

Pam//o?Ye, Pugsley, Film, in Brit. 45 (1912). OffivhmleHf Hamm. Mon. 
9 (1857) ; An(justisecta\ Haiissk. in Flora, Ivi. 404 (1873). 

Foliorum laciiiia* planaj aut canaliculate, lanceolaiaj vel anguste oblongse 
usque ad lineares vel sotaceae (P. montand^ Schmidt, except^i), nonniin([nam 
miicronate. Flores rarissime quam in F, ofjinnali^ L. majores, pleriunque 
minores, nec pins 9 mm. longi ; petaliim snpcrins iipicc gibl)nm format cnjus 
margines (ala') vulgo sursuin reflexi sed plus ininusve en»cto-patentes, rarins 
patuli sunt; petalum inferius apice gibbum monstrans qni inargines paientos 
apicem versus plane dilatatos habct plus mimisvo spathnlatum est. Petala 
interiora siepius parum curvata, quam in sccHone 1 relative latiora. 

SuBSECTio IV. LATISEPALJE. 

LatisepcOce^ Haussk. in Flora, Ivi. 493 (1873) ; Pugsley, Fum. in Brit. 54 
(1912). Officinales^ Hamm. Mon. 9 (1857), ut sectio, ex parte. 

Pedunculi l)reves [F, montand excepia) pedicellis })lernmque apice valdo 
incrassatis pranliti. Bractea', nisi in F, vosfellatdy [xalicellos fructiferos vulgo 
superantes. Sepala magna, sa'pe parum dentata, longitndine corolla' tortiain 
partem saltern 0 e(piaiitia, cjusque tube latiora. IVtalnm inferius quam in sub- 
seotionihu.s sequentibus obscurius spathnlatum. Fructus minimi usque ad 
majusculi, plus mimisvo subrotundi, siccitate rugosi, rugnlosi \el subljoves. 

In this subsection the wings of the upper petal are dark juirplo like 
the tip of the inner ones in F. Kralikn, F, niicranflia, F. bvacieosa^ and 
F. rostellata^ but sometimes obscurely so in F, nilcraaf/ia. In F, monlana 
the dark colouring appears to be absent not only from the wings of the upper 
petal but from the tip of the inner ones. 

28. Fumajua MONTANA, J. A. Schmidt, Beitr. Flora Cap Verd. Inseln, 
2()3 (1852). (PI. 11 , flg. 2 .) 

F.rsicc, Schmidt—In rupestribus montium Ins. S. Antonii, Miirz 1851, in 
HI). Vindob. ! 

Fumaria annua, ut videtur, liabitu inodice robusto, satis ramosa, diffusa, 
petiolis cirrhosis scandens. Folia foliolis in lohos ohlonaos vel cuneatos, 
mucronatos, pianos, obtusos vel rarius omarginatos fissis, inlimis longiuscule 
petiolatia, irregulariter 2~3-pinnatisecta. Racemi pauciflori (10~J 2 -flori), 
lamuscuUy pedunculos rectos crassiusculos stibie(juantes. Bractea* linenri- 
lanceolate, acuminate, longissimae, pedicellis fructiferis apice incrassatis 

LINN, JOURN.—BOTANY, VOL. XLIV, 2 B 
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fiimom et stepius ut in F, mpreolatd arcnato^recurvis semper Impiotes* 
$€pala 3-3’5 mm, lonffa, 1*5-2 mm, lata^ lanceolato^ovafa^ acnminata, peltata, 
0ro9$e aerrato-^deiitafa^ praeter nervam viricliusculum albida, corollse tobo 
patihilum latiora. Corolla 0-7 mm, looga^ roseo^albida ; petalo supertore 
stthacvto alU alhidis patentl-reflexi<i apioem vix attingentibus et oarinam 
viridem hand fequantibus prsedifco ; petalo inferiore marginibus patentibus 
albidis snhspathulato; petalis inteiioribus, lit videtur, omnino albidis. 
FructHs maptscvh, 2*5 mm. longi et 2*75 mm. lati, suhplolkosi^ circa medium 
latissimi, in apicem rofundato>ohfy,mm et in «itipitem obscurum sequniiier 
angu^tati, paiilulnm compie<^si sed insigniter carinati, in sicco dense sed 
tenuiter rugov^ nitidi, et apicis foveoHs parvis angustis distinctis notati. 

The diagnosis of this very rare fumitory, known only from the Cape Verde 
Island of R. Antonio and unique in its combination of small floweis and 
broad leaf-segments, is taken from SchmidtN specimen at Vienna, which has 
been lent for examination through the kindness of Dr. Zahlhruckner. This 
specimen now shows very few developed flowers, but such as remain are 
quite small, with the subspathulate lower petal cleaily visible. The essential 
smallness of the flower is emphasized in Schmidt's very fair de«cription, 
although, influenced probably by the broad leaf-segments he contrasts it with 
F, agraria rather than any member of the Parviflora, Without more ample 
material it is perhaps impossible to determine with certainty the jilant's exact 
affinities, but as not only the floral characters, both of <»epals and corolla, but 
also tl e form of its fruit recalls the Latisepala^ it seems pieferable to place it 
in this group, in spite of its foliage, lather than to regard it as an Agrarian 
species with a degenerate corolla. In the dried s}>ecimen the peculiar 
unevenness of the leaf-margins alluded to by Schmidt does not now seem 
traceable. 

F, montana is said to inhabit the rocks of the higher mountains of 
S, Antonio, probably at about 5000 ft. alt. (the highest point in the island is 
7400 ft ), and even at this height, in the latitude of Cape Verde, the humid 
atmosphere may account in some measure for the development of its foliage. 

The occurrence of an endemic species of the Parvijiora on the west side of 
Africa is somewhat unexpected, but it may be noted that another species of 
this ^ubsection, F, hracteosa, Pomel, is chiefly North African. 

The relationship of F, montana with the endemic species of the Canaries 
that has been referred to it, is dealt with under F, coccinea, 

29. Fumaria Kralikii, Jordan in Cat. Dijon, 19 (184P), ei Linnsea, xxiii. 
471 (1850) ; Hamm. Mon. 23 (1857). F, anatolica, Boiss. in Pinard, 
PI. de Carie Exsicc. (1842), noinen solum, et Diag. PI. Or. ii. No. 8, 
p. 14 (1849); Haussk. in Flora, Ivi. 505 (1873). 

Icon, Hamm. Z. c. tab. ii. 

Exsicc, Sintenis & Bornmuller, Iter Turcicum, 1891, No. 97, Dedeagatsefa, 
ut F, anatolica I Schultz, Herb. Norm. Nov. Ser. Cent. 20, No. 1912, Nisch, 
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ut F, anatolica 1 Heldreich, PI. Exsicc. Grnocia', No. 3479, iit F. avatoUm 
(vnr. minor ?)! Sinteiiis, Iter The&salonicum, 189(), No. 433, ut F. anatoltm ! 

This very pretty fumitory has the aspect, when dried, of a miniature 
F. purpurea owing to its recurved, purplish flowers witli large, whitish sepals. 
It also recalls F* Thnretii in the abruptly terminated keels of the outer petals 
and the slight development of the wings of the upper one, but it may be 
readily distinguished by the subspathulate lower ])etal of iis mucli smaller 
flowers, which do not exceed 7 mm. in length, as well as by its much more 
obtuse fruits. 

F, Kralikii is well described by Jordan (lor, tvV.), wlio is largely follow'ed 
by Hainmar, but its bracts are oblong or linear-oblong rather than oblong- 
obovate, the wings of the u[)per petal are narrow and do not cover the keel, 
and the very small, siibglobose fruits (1*5-1’75 mm. long and broad), which 
show distinct if very small aj)ical pits, are less “Ilexes’^ tlian ‘Ssnbheves vel 
leviter rugulosi.^' In some forms the racemes arc at first very short and 
dense, though afterwards elongating. 

In addition to the habitats cited by Ilaussknccht, this species grows in 
Bulgaria (Herb. Mns. Brit ) and in Armenia {Herb. Kew), and would thus 
seem to occur throughout the Balkan Peninsula and Asiatic Turkey, wdth the 
exception of Mesopotamia and Arabia. It is uKo re{)re^ented in Herb. Mus. 
Brit, from the (h-imea (Herb. I^allas, ut F, partim), the label 

noting that it grows copiously on rocks. 

30. Fumaria MiCRANTiiA, Lagasca, Elench. Ilort. Matrit. et Gen. Spec. PI. 
Nov. 21 (181()); ILnnm. Mon. 21 (18.>7); Pugsloy, Kum. in Brit. 
54 (1912). F, densiflon^ 1)(\ (^at. Hort. Mon^^p. 113 (1813), et 
Prodr. Syst. Nat. i. 130 (1824), ex parte; Ilau-^sk. in Flora, Ivi. 507 
(1873) ; F, ral(/rina, Bab. in Trans. Bot. Soc, I]<]inb. i. 34 (1844) ; 
F, mncronulata^ 8chur, Enum. PI. Trans^ilv. 38 (18(>(>)? 

F, tennifolia, Gerard, Herb. 928 (1597), describ(‘(l from ])lants foumi in 
cornfields between i^iarlton and Greenwich. In JohnsoiPs ‘Gerard^ the 
description was changed to fit JHatycapnoa apiratua^ Ibnuih,, with which it 
was generaUy confused by succeeding authors although a[)parently distin¬ 
guished by Morison (Hist. ii. p. 202 (1680)) as F, vidyana minor irnuifoUa, 

leones, Eng. Bot. Suppl. 2870 ; Hooker, leones, iv. tah. 303 ; Hamm. /. r, 
tab. ii. 

/8. dubia^ var. nov, F, micrantha forma dubia, Piigsley, Lc, 57 
& 58 (1912); F. mlrrantha y, Parlatoriana, Rouy & Foucaud, FI. 
Fr. i. 179 (1893) ? non Boissier, 

Icon. FI. Danica, tab. 2472, ut F. mirraiHha, 

Exme. Ridley & Fawcett, Wareham, in lib. Mus. Brit.! Billot, FI. G. & G. 
No. 709, ut F, densijlora ! 
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In addition to the distinguishing features pointed out in Fumaria in 
Britain,’^ tliis variety is usually somewhat less robust and more freely 
branched than the specific type. Rouy & Foucaud’s description of var. 
Parlatnrtana seems to refer to this plant rather than that so named by 
Boissier. 

[ 7 . littorahs, llouy & Foiicaud, FI. Fr. i. 179 (1893); n. v. F, littoralis^ 
Du Mortier, Bull. Soc. Roy. Bot. Belg. vii. 359 (1868). This plant is allied 
to the preceding variety, being much branehed and having similar relatively 
narrow sepals; but it appears to be separable owing to its broader leaf- 
segments and short racemes of pale flowers.] 

It is noteworthy that prior to the appearance of Grenier & Gotlron’s ' Flore 
de France’ in 1847, F, densif/ora DO, was not associated by botanists with 
this species. This may be seen not only from De Candolle's woiks, but in 
Sibthorj) & Smith's ‘Flora Grmca/ vii.p. 63, in Moris's ^Flora Sardoa,’ i. p. 90, 
and in ArnotFs paper on the genus in Rep. Bot. Soc. Edinburgh, p. 104 
(1840). 

F, mivrantha is shown in Fumaria in Britain” to be eminently a 
Mediterranean species. The varieties duhia and litforalis are at present 
known only from Western Europe. 

31. Fumaria buaoteosa, Pomel, Nouv. Mat. FI. Atlant. 239 (1874). 
F, deimponi hracteosa^ Batt. et Trabut, FI. de I'Algerio, i. 29 (1888) ; 
F. Farlatoriatia, Kralik, PI. JSgypt. Exs. (nomen) ; F, micrantha 
fS, Pariatoriana^ Boiss. FI. Orient, i. 137 ("1867) ; F, densifiora 
13, Parlatoriana^ Haussk. in Flora, Ivi. 510 (1873). 

E.fsicc. Letoiirnoux, PI. J^gypt. No. 229r/, Mariout, 1879, ut F, demifiora 
(partim) ! Bornmiiller, Iter Syriacum, 1897, No. 43, Jaffa, ut F, Parlatonana ! 
Sintenis Higo, Iter Oyprium, 1880, No. 175, ut F, parviflora ! 

Fumaria annua, caulibus crassis elongatis rohnsta^ paree ramosa, diffusa, 
suberecta, \ix scandons. Folia glauca foliolis in launias angustissimas 
lineari^setaceas canaliculatas acutas fissis 2-4-pinnatisecta. Racfmi floriferi 
densissimi, fructiferi laxiores, multiflori (20-30-flori), pedunculos crassos 
brevissimos multo snperantes Bractew rnagna^ lineari^ohlongw, acuininatee, 
viridescentes, pedicelUs fructiferis erecto-pafentthus hrevissimu (circa 2 mm. 
longis) apicem versus conspicue incrassatis plane (sjepo subduplo) longiore^s. 
Sepala 1*5-2 mm. longa, *75'-l*25 wm. lata, rotundato-ovata vel ovato^ 
lanreolata, peltata, acuminata, deniicvlata, nervo dorsali roseo albida. Corolla 
minima, 3*5-4’5 m?n. lortga, pallide rosea; petalo superiore subacuto alis 
atropurpxireis carinam conspicuam viridem hand a^qunntibus apicemque vix 
attingentibus atque calcare brevissimo fere gibbiformi ; petalo inferiore 
marginibus angustis roseis suhspathnlato ; petalis interioribus apice atropur- 
pureis. FructUs modici, circa 2 mm. longi et lati, suhrotundi, obtusissimi vel 
subtruncati, parum compressi sod conspicue carinati, siccitate apicis foveolis 
obscuris j^lane rugosi. 
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HfiBC Fumana quse F, micranthfe faciem eximie exhibet et pro varietate 
ejus specie! a pluribus axictoribus habetur, per flores generis miiiiinos breviter 
calcaratos notabilis est, et hoc charactere cum folioriim laciniis setaceis, 
pedicellis brevissimis, fructibusque conspiciie cariuatis specifice differre 
videtur. 

F, bracteosa Paltcstinam (JafiEa (Bornmiiller) ! et prope Beersheba 
(Hb. Mus. Brit,)l), Mesopotaniiam (Schlafli, prope Bag(iad, iu Hb. Kew !), 
insulain (^yprum, -3llgyptiim (prope Alexandrian!!) et Algerian! (Faure, prope 
Oran!) habitat. 

This, the smallest flowered of all fumitories, is shown as a distinct species 
rather than a variety of F, micraniha^ chiefly on account of its corolla, 
which is not only remarkably small but of characteristic form with a 
much diminished spur. This feature is quite constant in the different 
herbarium material examined, some of which shows good and abundant 
flowers, and there seems no sufficient reason for regarding the plant as a 
depauperate form or condition of F, micrantha, 

32. FtJMARiA ROSTELLATA, Kiiaf in Flora, xxix. 290 (1846) ; ilamm. Mon. 
20 (1857) ; Haussk. in Flora, Ivi. 510 (1873). FAranssilmnica^^chur 
(=:/\ macrosepaluj Scliur, non Boiss.), Enum. PI. Transsilv. 38 
(1866), ap. Haussk. l,c. 

Icon, flamm. Lc, tab. ii. 

Frsicc, Celakovsky, &c. FI. Exsicc. Ausiro-Hungarica, No. 2902 1 

An authentic example of F, prehenailis, Kit, in Hb. Mus. Brit, is identical 
with thi& species, but according to Parlatore specimens of F. micrantha were 
sent out by Kitaibel under this name, and the posthumous diagnosis of 
F, prehensilU in Linnaea, xxxii. p. 493 (1803), shows evident confusion 
between F, rostellata and F, officinalis. It thus seems clear that IJammar 
and Haussknecht wore wise in passing over Kitaibel^s name (Ind. PI. Hort. 
Pestli, p. 10 (1812)), though anterior to both F, micvantha and F, rostellata. 

Another name that appears to have been generally overlooked is F, Stin^mii, 
Opiz in Naturalientausch, x. p. 267 (i 825). This is referred U) F. micrantha in 
the ‘Index Kewensis,^ but both the diagnosis and the habitats cited recall 
F, rostellata^ and if this identification can bo conflnnod from authentic 
exsiccata, the name F, Sturmii must be used in ])reference to F, rostellata, 

KnaPs description of this species is accurate and fairly complete, and is 
largely followed by Hammar, The fruiting pedicels are slenderer and the 
bracts smaller than in the other plants of this subsection, and the pedicels are 
by no means always short as stated in Hammar’s diagnosis. In some agrestal 
forms with highly coloured flowers in very floriferous racemes the wings of 
the upper petal are much developed and extend almost to the apex, which is 
then no longer rostellate though still acute. Such plants are possibly 
varietally distinct. 



I* 


MTt. te. W. VrObLEY : A BRVtSlON OF (THE 


Th^re is also some degree of variation in the fruit, which is sometimes 
plainly longer than broad and occasionally very shortly acute. Its surface, 
when dry, is usually finely rugulose. 

The range of F, rostellata, a plant of Central Europe, extends as far north 
as Lithuania ((Jrodno, in lib. Kew!),ond in addition to the habitats cited by 
Haussknecht, it occurs in fierbia (Hb. Kew) and in Bulgaria (Hb. Mus* Brit.). 


8umsrctj() V. OFFICINALES. 

(Jpcinales, lianssk. in Flora, Ivi. 404 (J873) ; Pugsley, Fum. in Brit. 45 
(1912) ; tlainin. Mon. 9 (1857), ut sectio, ex parte. 

Pednnculi l>ie\(’is vel breviusculi, nisi in F. IBoissieri^ pedicellis ssepius 
apice })arinn incrassatis pncditi. Braetea' pedicellis fructiferis breviores 
(/\ micro,excepta). Sopala baud magna, pliu^ iniuubve dentata, raro 
oorollae tertifi parte longiora, eju&(|ue tuho (nisi in m/cro^facAy^) angustiora. 
Pructiiis inodiei aut maxiini, conspicue lati, truncati vel retusi, siccitate 
rugosi rariuv nigulosi. 

In F. oficinails and F, mirroUarltt/s the wings of the upper petal are normally 
dark purple like the tip of tlu^ inner ones, but this colouring is obscure in 
F\ cilirica and F, Foimeri, 

33. Fumakta officinalis, Linn. S}>ec. Plant. 700 (1753) ; Hamm. Mon. 9 
(1857) ; Haussk. in Flora, hi. 404 (1873); Pugsley, Fum. in Brit. 45 
(1912). F. vulgaris, Bubani, FI. Pyr. iii. 278 (19(0). 

F, jnirpftrea et F, flore alho^ Gerard, Herb. 927 (1597) ; F. vulgaris^ 
Parkinson, Theatr. Bot. 287 (1640). 

Jcones. Woodvillo, Mod. Bot. ii. tab. 88 (floribiis pallidis ad var. elegantem 
accedens) ; KSmith, Eng. Bot. 589 ; Curtis, FI. Loud. i. tab. 147 (fasc. ii. 52) 
(forma agrestis^ Haiissk.) ; Wagner, Pbarm.-Med.-Bot. tab. 59 ; FJ, Danica, 
tab. 940 (f. floribvmla, Pet. ex Uanssk.); Hayne, Gewiichse, v. tab. 4; 
Sturm, Deutschl. FI. i. 62, tab, 14, ut F, gfninahs var. major ; Svensk Bot. 
i, tab, 42 ; lleiclib. leones FI. Germ. iii. tab. 3, fig. 4454, cum var. scandente ; 
Hamm. /. c. tab. i ; (dnvaud, FI. Gironde, pl. 4, fig. 1. 

As pointed out in the general remarks on the subsection Mnrales^ F, media, 
Loiseleur, ‘Notice’ p. 101 (1810), is closely related to this species. Loiseleur 
separates it from F, ofidmdis by its more rampant habit, ample foliage, and 
larger, ))aler flowers ; and it seems best regarded as a large-flowered state of 
the plant figured by lleiehenbacb, without diagnosis, as F. o^cinalu var. 
eeandens, which was reduced to a forma scandens in “ Fmnaria in Britain,^’ 
p, 51. It is perhaps also the a, vulgaris of Koch, Syn, FI. Germ. ed. 2, App. 
p, 1017 (1845), and of Haniniar (Mon. p. 10), but it is not clear whether 
i^ese authors intend to distinguish under this name a variety separable from 
the speoific type. 
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I Hacemi quam in typo breviores^ relative pauciflori ; sepala minora, 
minor, Koch in Sturm Deutsclil. FI. i. No. 14 (1833); Syn. FI. 

Germ. ed. 2, App. 1018 (1845J ; Hamm. /. c. 10 (1857); Haa‘^sk. 

Lc. 419 (1873) ; Pug&ley,/. r. 52 (1912). 

Icon. Sturm, Deutschl. FI. i. 62, tab. 14. 

Ku^sicc, Orpbaiiides, FI. Grajca, No. 519, iit F. oficinalh var. laanjlora ! 

Glauca, tenella, diffusa et sjcpe ramosi^ssima. Hacemi la,ni(scitli^ 10-20- 
flori. Sepala parm^ circa 2 mm, longa; corolla quam tijpi paulo minor 
pallidiorque. FructiVs ut in iy])o latiores quam longi, 2 mm. Jongi et 2*5 mm. 
lati, retuM. 

The comparatively short and few-flowered racemes and the small se})als 
characteristic of this variety were first accurately diagnosed by Haussknecht, 
but the former feature and the relatively small, pale flowers seem sufficiently 
shown in Koch’s original figure. 

In Herb. Mus. Brit, there are (Vimean specimen^ from Herb. Pallas 
seemingly referable to this variety labelled “ In rupibus Tauria? ubique.” 
It may be inferred from this that the plant grows in natural stations in that 
country, and this appears to be confirmed in M. Bieberstein’s ' FI. Taurico- 
(^aucasiea,’ li. 117 (1808), where it is observed, under F, o^icinaHs^ “Habitat 
in ruderatis et arvis, varietas minor in saxosis.’^ 

It is probable that F, x)Ie//ef% Steven, Enum. PI. Phaner. in Tatiria sponte 
crescentium in Bull. Soc. Bot. Mosc. xxix. i. 288 (1856), is identical with 
this variety. 

y. Wirl(j€nit, Haussk. l,c, 411 k 420 (1873) ; Pugsley, Lr, 52 (1912). 

F, Wirt(/enii^ Koch, Syn. FI. Germ. ed. 2, A[>p. 1018 (1845). 

/con, Pugsley, Lc, fig. 6 (Journ. Bot. 1. tab. 519). 

EiVbicc, Dorfler, Herb. Norm. No. 4601, ut I\ Wirtfjenii ! 

Habitu foliisque variabilis, sed sjcpe typo gracilior toliorum laciniis paulo 
angustioribus. L/acemi laaiusculi, valgo l()-20-//or? ; pedicelli quam in typo 
breviores et crassiores, rarius plus minusvo elongati. Sepala parva, circa 
2 mm, longa et 1 mm, lata^^ scepius albida et vix acuminata. Corolla quam 
typi paulo minor pallidiorque, pefalorum exteriorum alis apicc ralde dilatatu 
ut petala superius emarginatiim et inferius truncato-spathulatum fiant. 
FructiiB 2-2*5 mm, longi et vie latiores^ rotundato-truncati sed hand retiisi, 
saepissime apiculo parvo persistente prsoditi, circa medium latissimi et inferne 
in stipitem quam in typo minus obscurum angustati, siccitate apicis foveolis 
obscuris plane rugosi. 

The exsiccata, Billot No. 1603 (F, Wirtgenii,, Koch), as represented in 
Herb. Boissier, clearly belongs to this variety and is not identical with the 
example similarly labelled in Herb. Mus. Brit, which is referred to var. 
elegans in Fumaria in Britain.'^ 
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{! Eacemi lon^^i, multiflori ; folioriim lacinijp qiiam in typo angustiom* 

8. dmsiflora, Parlatore, Mon. Fnni. 53 (1844); Haussk. he. 421 
n873). F. demifiora, DO. Oaf. HoH. Monsp. 113(1813), et Prodr. 
Sy»t. Nat. 1 . 130 (1824), ex parte ; F. offiehalis var, flonlmnda^ Koch, 
Syn.FI.Oonn e(1.2.Ap]). 1018(1845), ex parte; Hamm. Z. c. 10 (1857); 
F. ofji( inalis var. />//< nantha^ Loret & Barr. FI, Montp. ed. 1, 32 
(1870); F. parvifiora, Sibil). & Smith, FI. Grsec. Prodr. ii. 50 (1813), 
et FI. Orjeo. vii. (>3 { 1830) ? non Lamarck. 

Icon Sibth. & Smith, FI. Onec. vii. tab. 668, ut F.parvifiora. 

Ejrsicc. Bourgeau, Pyr.-Espag. No. 304, ut F. ojfficinalift ! Welwitsch, FI. 
Lusit. No^. 136 ik 764, ut F. o^cmalis wixv.parvifiora 1 

The F. juirrifiora of Sibthorp & Smith was referred by Ham mar to 
F. mlcranfha^ \o v^hich the description, at least as to its subglobose fruits, 
may be held to apply. The figure, however, has evidently been drawn from 
an example of this variety of F, officinalis^ which it very well portrays, except 
for the obscurely shown fruits. Both the coiolla and the sepals are widely 
diflPerent from those of any foim ol F, micrantha. 

It is also ])robable, though not equally certain, that this variet\ is the 
F, offi<inalis \ar. densiflora of Moris’s ‘ Flora Sardoa,^ i. p. 00 (1837). 

e, elcnjans^ Pug'^ley, he, 52 (1012). F. media^ Heichb. Icon. FI. 
dorm. iii. 1 (1838), nec Loi». nee aliorum. 

Icon. Ueichb. Lc. tab. 2, fig. 4153, ut F. media. 

Exsicc. Billot, FI. G. & CL No. 214, ut F. offiemahs ! Fieri «k Beguinot, 
Fl. Exbiec. Ital. ii. No. 1050, ut F. officinalis ! 

This plant is well marked by its ample glaucous foliage with narrowly 
lanceolate segments, by its long racemes of usually pale flowers, and by its 
Binall fruits borne on long and slender j»edic(‘ls subtended by relatively short 
bracts. These features do not agree with those of Loiseleur’s F. media^ but 
are emphasized by lieiclumbach, either in his plate or his diagnosis, wdiere 
the plant is referred to as a “species constantissima.’' 

(/ontinental examples occasionally show finer flowers than those from 
which the description in “ Fumaria in Britain ” was taken, and present some¬ 
what the appearance of a ram})ant state of var. densifiora. 

Hainmar cit<»s lleichenbacirs figure of F. media for his var. scandens^ but 
his description depicts a different plant with broad leaf-segments and large 
fruits, whose affinity may be held uncertain. 

The variety alhifiora^ Parlatore, Mon. p. 53, with wdiich tlio author identifies 
F. Gasparinii, Bab. in Trans. Bot. Soc. Edin. i. 36 (1844), is referred by 
Hammar to \ar. minor. No material of this species has been seen, however, 
with the white flowers by which var. alhijiora is distinguished, and it seems 
probable that this character was taken from a shade-form only. 

Of the var. banalia, Haussk. hr. 421 (1873), no authentic material has 
been examined, and its identity with Beichenbaches var. scandens seems to 
require further investigation. 
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The varj’iiig states of this fumitory, as it is seen in cornfields in spring, 
in gardens in summer, and when shade-grown, are carefully distinguished by 
Haussknecht under the three forin-nanies, Peterman, agrestis^ and 

itmbrosa ; and the parallel variations of the variety Wirtgenii are similarly 
dealt with, as also those of the sjiecies F. Schleicheri^ Soy-Will., F, VaiUaniUy 
Lois., and F. parviftoro, Lam. These variations, which Haussknecht remarked 
in the species familiar to him, probably occur generally throughout the genus 
where the climatic conditions are favourable for the continued propagation 
and growth of the plants throughout the summer. 

The distribution of F, officinalis^ as given by Hamniar, is amended by 
Haussknecht and in '‘^Finnaria in Britain.” It is pre-eminently the common 
European Fumitory, but both in Asia and North Africa it is scarcer and less 
widely spread than F. parcifora. 

Haussknecht further enumerates a number of widely scattered localities 
for the varieties wh/or, Wirtgenii, and densijiora ; and it may be added that 
var. elegans occurs not only in Britain, France, and (lermany, but also in 
Italy and Spain. 

A hybrid of the variety Wirtgenii with F. Vaillanlii var. (liavinii has 
l)een described from the Var in Southern France as X F, Alhertii in Jiouy & 
Foucaud’s FI. de France, i. p, 178 (1893) ; and in the same year another 
description of F, officinalis X Vaillantii (F. ahortira) from Thessaly was pub¬ 
lished by Haussknecht in Mittheil. Thiir. Bot. Ver. N. Folge, iii. & iv. 
p. 102 (ISymbohc ad fioram gra'cam). There is an authentic example of this 
latter plant in Herb. Kcw. F, officinalis x parvi/iora and F. officmalls X 
micrantha are referred lo at page 50 of Fanuma in Britain.'’ 

34. PuMARiA ciLiciOA, Haussk. in Flora, Ivi. 423 (1873). F. officinalis 7 . 
tropidocarpa, Buser in FI. Orient. Huppl. 2() (1888). 

Fxsicc. Kotschy, Iter (Ulicico-Kurdicum, 1859, No. 42, ut F. officinalis 
var. fiorihnnda\ Bourgeaii, No. 32, Trebizond, 1802, in Hb. Boissier, ut 
F. officinalisl Balansa, Vallee de Djimil, Lazistan, 1806, in Hb, Boissier, ut 
F. officinalis ! Zorab, No, 41 7, Erzerum, ut F. officinalis ! llarbes, Syria 
Libanotica, 1881, in Hb, Zurich, ut F. officinalis ! PU Auranitica*, Postian 
a]). Coll. Syriens. Prot., El Kafr, 1886, ut F, officinalis var. tropidocarpa ! 
Sintenis, Iter Orient., 1894, No. 5495, Armenia Turcica ! 

In addition to autlientic material of Kotschy’s plant on which this species 
was founded, the herbaria at Kew and the British Museum contain excellent 
Armenian examples collected by Sintenis, which are labelled as referred by 
Haussknecht to F. cilicica. 

In these examples the characters of this remarkably floriferous and 
somewhat showy fumitory are well seen, and they generally confirm the 
accuracy of Hausskneckt^s unusually full diagnosis. 
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an examination of the exsiccata cited it may be remarked that, 
'Compared with officinalis, f \ cihctca seems chiefly notable for its very lon^ 
mi donee racemes, bearing from 30 up to 80 flowers and much exceeding the 
abort and thick peduncles. Its bracts, also, aie more subulate and more 
finely pointed, v\hile the sej)als aie relath ely small and narrow and, at least 
in some cases, acuminate rather than muoronate. The corolla is rather larger 
than in F. officinalis (8-9 mm. long), with broad, short, obscurely purple 
wings to the upj)er petal much exceeding the keel and extending to its apex; 
the spur ascending, longer and more curved than in F, officinalis ; and the 
lower i)etal less spathulate, and subacute with spreading margins scarcely 
reaching the apex. The apical pits of the fruit are roundish and shallow, 
and the persistent apiculus, while apparently invariably }>reseiic, is sometimes 
Very short, giving the fruit a strong resemblance tc» that ot F. officinalis. 
On this ground Baser seems to have reduced this plant to a variety of that 
species. 

It will be seen from the exsiccata cited that F. cilicua has a wdde distribu¬ 
tion in Asiatic Turkey. 

35. Fumaria Boissieri, Haussk. in Flora, Ivi. 424. (18/3) ; Buser in FI. 

Orient. Suppl. 27 (1888). 

Ejcsicc* Haussk. Terek Mesopotamia* boiealis, 1867, in Hb, Boissier! 

This i*pecies, described by Haussknecht fioni plants which he himself 
collected in Northern Mesopotamia, seems from the exsiccata in Herb. 
Boissier—the only material examined—to be separable with difficult}" from 
F. cilicica. 

In the Boissier specimen, which shows good foliage and flowers though on’y 
immature fruit, the leaves, racemes, pedicels,bracts, and sepals appear to be 
essentially those of F. cilicica ; and although the outer petals are more 
broadly winged and the apiculus of the joung fiuit is longer than in the 
Kotschy gathering which forms the type of F. dluiia, yet it is clear from 
the more recent material referred to this species tliat those features are liable 
to an appreciable range of variation. 

Although Buser rehiins F. Boissieri as a species while he reduces F. ciluica 
to a variety of F. officinalis, it is apparent that he recognizes the very close 
offinity of the three plants. 

86 . Fumaria microstachys, Kralik ex Haussk in Flora, Ki. 552 (1873). 

F.judaicafi? mfcrosfacht/s, Buser in FI. Client. Suppl. 29 (1888). 

Ssrsicc. Krulik, Alexandrie, Egypt, 1847, in Hh. Boissier! et Hh. Kew! 
Gaillardot, PI. d'Egypte, No. 437, Alexandrie, 1870, iit F. Vaillanth?\ 
Schwoinfurth, Basse-Egypte, No. 267, Alexandria, 1890, ut F.judaka ! 

Fumaria, ut videtur, annua, satis robusta, diffusa, tandem ramosissima. 
Folia plus minusve glauca,foIiolis in ladnias hnearUoblongas, planas, acutas vel 
ubtusas rare mucronatas fissis 3-4-pinna tiseota. Eacemi laxiusculi, pauciflori 
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(6-*12-flori), primarii pednnculos stthaquaiHes^ senores pedunculos brevissimos 
multo superantes. Bracte(P subiilato-lanceolata?, breviler acuminatfe, 
fructiferos erecto^patentes brevissimos (2 mm. longo^^) apiee valde incrassatos 
snhcpqiiantes vel superantes. Sepala circa r5~2 7nm, lonqa, *75 mvt. lata^ 
sacpius ovata^ acuminata, dentata, aU»ida. Corolla 5-7 m?M. longa^ pallide rosea ; 
petalonim exteriorum carinis abrupto teriuinatis, alis atropnrpureis mar- 
giiiibusque roseis in exem|)laribus visis baud bene explicatis; petalis 
interioribus apice atropurpureis. FructHs mawimi, 3 mm. longi et paululum 
latiores, hrecissune ohcordatl^ retusi^ supra medium lati«shimi et inferne in 
stipitem obscurum multo angustati, parum compressi sed conspicue carinati, 
in sicco apicis foveolis latis obscuris impost, 

Haec Vinnaria distinctissima propter fructus maximos cum F, judaicd vulgo 
confusa est. In exemplaribus visis flores baud satis explicantur, sed corollas 
formam section is /^arcij/orarunt exhibere manifestum est. 

F. judaica foliorum laciniis majoribus latioribus, pedunculis pedicellisque 
longioribus, sej)alis angustioribus, corollis albidis multo majoribus cum petalo 
inforiore baud spathulato, fructibus paulo minoribiis, obscurius carinatis, 
magis tuberculato-rugosis longe distat. 

F, microstacht/s in ^gypto solo (prope Alexandriam) hactenus inventa est. 

This remarkable fumitory, of whose position in the geuus Haussknecht 
expressed some doubt owing to lack of adequate material, and of which 
good flowering specimens are still wanting in British herbaria, is unique 
among the Parvifionv on account of its very large fruits. In habit it 
evidently approaches F, opcivaViH and F. Vaillaniil^ which in some degree 
it probably resembles also in flovNer, but its fruits recall F. macrocar pa and 
F* judaica of the Gramliffor<f\ and it thus seems a somewhat anomalous 
intermediate between these widely different species. As a member of the 
Farrif/orrr it seems best placed in tlie subsection OJirinales on account of 
the moderate size of its sepals and the broad form of its fruits. 

BuBSECTro VI. MIGROSEPALiB. 

ABcrosepalw, Pugsley, Fum. in Brit. 59 (1912). Officinales^ Hamm. 
Mon. 9 (1857), ut sectio, ex parte; Pam/fone,Haussk. in Flora, Ivi. 441(1873). 

Pedunculi plus minusve breves, rarius obsolescentes {F. anstrali except^), 
pedicellis incrassatis tenuibusve prsediti. Bracteae variabiles. Sepala minima 
(nisi in F, Jankce et F, australi) vel etiain absentia, saipissime insigniter 
dentata, vulgo corolhe quarta parte breviora ejusque tubo sajpissime 
multo angustiora. Pructfls parvi vel raodici, rarissime conspicue lati, siccitate 
rugosi vel rugulosi. 

The blackish-red wings of the upper petal so generally characteristic of the 
genus are well marked in the deep rose corollas of F. Schleicheri and F. Jankw^ 
and in the lighter flowers of F. microcarpa. They become less marked in 
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and are generally obscure in F. i/tdica and F. Schrammii, 
wlldle in F» Vaillantii the dark colouring is fairly distinct in some forms 
and quite absent in others. 

In F, parvijlora the normally white corolla usually shows a small external 
blotch only of purple on the wings of the upper petal, recalling the coloration 
of F* aceidentalis ; and in F. asepala the purple tinting, if present at all, is 
confined to the tips of the inner petals. 

^ Series AmhigusB. 

Flores rosei, 5-7 mm. long!; sepala 1*5-2 mm. longa ; petal! superioris 
alas sursum reflexea vel obsolescentes deflexse. 

37. Fumaria ABYbsiNicA, Hamm. Mon. 19 (1857) ; Haussk. in Flora, Ivi. 

492 (1873), 

Icoiu Hamm. lx. tab. vi. 

Exsicc. Schiinper, Iter Abyss., sec. secunda, 1842, No. 1347, Denierki, ut 
F. officinalis ! Schimper, Abyss. 1863, No. 1429 (shade-form) ! Ankober, 
1841, in Hb. Kew 1 FI. Colon. Eritraja, 1902, No. 207, in Hb. Mus. Brit.! 
Schweinfurtb, 1889, No. 1675, El Ejan am Schibam (2700 m.), Arabia Felix, 
in Hb. Kew 1 

There is good material in Herb. Mus. Brit, of the plant on which this 
species was founded. As pointed out by Haussknecht (/. r.), the fruit is 
scarcely obtuse, as stated in Hammar's diagnosis, but rather mucronulate 
when young, and at maturity subacute and very shortly apiculate, much as 
in some forms of F, parvi/lora, though the keel is less marked than in that 
species. In the Eritrsean exsiccata a somewhat more rounded-obtuse, though 
still apiculate form prevails. The fruit is 2-2*25 mm. long and about 
equally broad, with very shallow apical pits. 

It may further be remarked that the leaf-segments in F. ahyssinica are 
more generally linear-oblong than oblong-lanceolate ; and the racemes, which 
are usually «ub-12-flowered in Schimper’s examples but show as many as 20 
flowers in the Eritrsean exsiccata, are much longer in fruit than the very 
short peduncles, except occasional!}' when shade-grown. The bracts seem 
to be relatively broad—linear-oblong rather than linear—and fully as long 
as the short (2 mm. long), suberect pedicels. The ovate, acuminate sepals 
are about 1*5 mm. long and 1 mm. broad ; the purple wings of the obtuse 
upper petal are reflexed upwards as in F. opcinalis or in F, Schleicheri^ but 
are normally rather narrow and scarcely cover the keel; and the lower petal 
appears less distinctly spathulate than in most of the other species of the 
subsection. 

In the Arabian specimen at Kew the wings of the outer petals are but 
little developed, and the obscurely apiculate fruit is more rounded-obtuse 
than in the Abyssinian type. 



OENfiRA FITMARIA AND RUPICAPNOS. 


309 


The range of F. ahymnica is now known to extend from Abyssinia to the 
Italian coast colony of Eritraea and across the Red Sea to Arabia Felix. 
There is also an immature specimen from Uganda in Herb. Mus. Brit, 
(Bagshawe, Ruchiga, No. 39(5!) which seems referable here. It appears to 
occur only at a considerable altitude. F. abj/ssinka is further recorded on 
Haussknecht's authority for Gabes in Murbeck’s ^Oontributions FI. duNord- 
Quest de PAfrique/ p. 5 (]t^97). 

The material collected in the Kilimandjaro district of East Africa as 
F. ahf/ssinica is referred to a distinct species F, avstralis, 

38. Fumaria australis, sp. nov. (PI. 13 .) 

F.rsire. Volkens, FI. des Kilimandscluiro, 1893, Nos. 953 & 1333, Marangu 
(28(H) in.) ot Fush des Kifinnka (2700 m.), iii F, ahymnica ! Wbyte, 
Nandi District, Tropical E. Africa (2000 m.), 1898, in Hb. Kew I 

Fumaria verisimiliter annua, liaUtn satis rohvsto, internodis longis 
elongata, petiolis cirrhosis scaiidens. Folia ylauca^ foliolis in lacinias planas 
lineari-lanceolatas vel lanceolatas, acutas, longe mncronatas vel aristatas 
fissis 2“3-pinnati3octa. Facemi 12-20-flori, floriferi conspicue densi^ etiam 
fructiferi pedunculis mediocrihus paulo hreviores^ rarius eos subsequantes. 
Bractew magnw ot conspicue latso, oblongse, cuspidatie, sparsim serrulatse, 
pedicellis frnctiferu hrevissimis (circa 1*5 mm. longis), crassis, ereHo^imtentibus 
subdnplo longiorca, Sepala circa 2 mm. longa^ 1 mm. lata^ oblo/tgo-^ovata^ 
acuta, irregulariter dentatu^ rosea. Corolla 5-7 rnm. longa^ rosea ; petalo supe* 
riore alia roseis aiigiistissimis fere ohsoletis ssepissiine deflexis apicem hand 
attingcntibus aciito^ calcare brovi parum curvato ; 2 yetal() inferiore marginibus 
patentibuB apicem vix attingentibus subacuto subspathulato ; petalis interiori- 
bus apice atropurpuTois. FrnctHs modici, circa 2*25 mm. longi ac lati, 
subrotmidi^ superne ram a^nculo brevissimo persistente obtushisndi, inferne 
in stipitem latum parum angustati, paululum coinpressi sed plane curinati, in 
sicco apicis foveolis obscnrissimis dense rugosi, 

Haic Fumaria, qua? ad F, abyssinkam relata est, hubitii laxiore scandente, 
foliorum laciniis fere aristatis nonnunquam latioribus, racemis densis longius 
pedunculatis, bracteis majoribus, et jirresertini corollis aciitis petalique 
superioris alis angustissirais deflexis noc sursuin reflexis satis diftert. 

Ab hujus subsectionis speciebus aliis per corollse formam subexalatam 
F. australis lequaliter distat. Petali superioris alfc fere obsoleta? eis 
F. coccine(v similes sed specierum duarum characteres reliqiii omnino diversi 
sunt. 

F, australis in regionibus Kilimandjaro et Nandi Africse orientalis crescit. 

The exbiccata collected by Volkens, though elongate, show highly coloured 
and what seem to be normally developed flowers, and appear to be the usual 
form of a southern endemic species. 



MK. H. W. PrtlSLEY ; A BEVISIOH OF THB 


WVUAMA Jakk^, Haussk. in Fiona, Ivi. 491 (1873). 

' JSitsicc* Janka, Szekelybid com. Bihar Hungarian, 18G1, in Hb* Boiss.! 

; only material examined of this rare Hungarian plant is the specimen 

'Irolki Janka in Boissier’s Herbarium. This shows poor flowers, but has 
flue lippearance of a distinct species agreeing with Haussknecht^s diagnosis 
Meopt in the length of the pedicels, which seem distinctly shorter than those 
. 0f F. SchleicherL 

P, Jankfp is evidently somewhat intermediate between F. rostellata and 
Schleicheri^ and is retained in this subsection in accordance with the views 
of Haussknecht. 

** Series Eu-Hicrosepalss. 

Flores rosei vel albidi, rare plus G mm. longi; sepala minuta ( 3-1*5 mm. 
longa) vel absentia; petali superioris alse sursum reflexa?, erecto-pateiites 
vel patulas. 

40. Fumabu Schleicheri, Soyer-Willemet, Observ. PI. France, 17 (1828); 
Haussk.in Flora, Ivi. 411&485 (1873). F. V'aillanth, subsp. Sihleichen^ 
Rouy & Foucaud, FI. Fr. i. 181 (1893;; F, Lagyeri^ Jordan, Piigillus, 
7 (1852) ; F. tenul/tora, Fries Heib. ex Hamm. Mon. 13 (tonna 
umbrosa), et F. Vaillantn / 8 . Laggeri^ Hamm. Mon. 15 (1857) ; 
F. acrocarpa^ Peterman (nomen ?). 

Icon» Hamm. he. tab. i, ut F. Wnigemi (sic). 

JEasicc. Schultz, Herb. Norm. No. 2109 ! Borbas, FI. Exsicc. Austro- 
Hungarica, No. 2903 II 1 

Fumaria annua, gracilescens^ satis ramosa, suberecta vel diffusa, rarius 
petiolis cirrhosis scandens. Folia plus ininusve glauca, foliolis in laciniub 
planas lineart^-ohlongas vel lineari-lanceolatas, acutas larius miicronalas fissis 
2*(rarius 3-) pinnatisecta. Racemi floriferi densinsivU^ ssepissime 12-20-, 
rarius plus 20 -flori, fnictiferi laxiores, primarii pedum idos gi aciles snha quantes 
ieriores plane superantes, Bractece lanceolato-subulaia*, acuminatsp, pedicelhs 
fructiferis mberecth gracilibus (4 mm. longis) apice ipso incrassatis fere tnplo 
breviores. Sepala circa 1 mm- longa^ *5-*75 v\m, lata^ omta, acuminata, irregubi- 
fitertnmo-dentata,rosea,coroll 8 e tuboplane angustiora. CoroUa5-6mm, louga, 
stUurate rosea (in sicco sub-violacea) ; petalum superius oOtusum ahs atropur- 
pmeis sursum reflexis caiinam viridem excedentibus apicemque attingentibus 
0 t calcare longo curvato prseditum; petalum inferius marginibiis patulis roseis 
apicem vix attingentibus ohtusiusculum spatliulafum; petala interiora apice 
atropurpurea fere recta. FruetHs modici, circa 2 mm. longi ac lati, subrotundi^ 
superne cum apiculo brevi persistente rotundato^obtuhi (rarissime sine apiculo), 
inferne parum angustati, paulo oompressi et plane caiinati, siccitate apicis 

fovoolis parvis paulo obsouris rugosu 
* * 

p. snpim^ var. nov, » 

F. supina^ Janka in Termesz Fiizetek, i. 30 (1877). 

Psmcc* Janka, Noszoly et Foketalak, Transsilvaniee centralis, 1876, in 
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Hb, Kew! Szepligeti, FI. Hmigarica, Budapest, Schwabenberg, 1888, in 
Hb. Mus. Brit., ut F. Schleicheri ! 

lypo simillima, sed petalo snperiore alis latioribus oarinam conspicue 
superanfcibus obtusissiino, petalo inferiore inarginibus latioribus apice obovato, 
fructibus paululum iiiinoribus vix 2 mm. longis uc latis leviter riigosis. 

F, Schleicheri foliorum laciniis latioribus, racemis longius pedunculatis 
pedicellis longioribus gracilibus breviter bracteatis, floribus saturate roseis, 
sepalis mujoribus, petal! superioris baud cmarginati alis atropurpureis reflexis 
nec patulis a F. Vaillantn et a F, Schrammn difFert. 

F, o^cinalis habitu robustiore, bracteis longioribus, floribus sepalisque ^ 
majoribus, fructil)us latioribus retusis truncatisve facile distinguitur. 

This pretty species, which is normally a very distinct plant, characterized 
especially by its deeply coloured flowers and its apiculate fruits borne on long, 
slender, and shortly bracteated pedicels, has been the subject of much 
confusion since it was first distinguished by Soyer-Willeinct. Haminar, who 
overlooked Soyer-Willemet's description, seems to have been but slightly 
acquainted witli it; and he failed to recognize the identity of Peterman^s 
shade-grown F. anuyearpa from Leipzig, which he described as F* tenuijlora^ 
Fries, with the Swiss plants usually distributed by Lagger as Laggeri^ 
Jordan, and reduced in the Monograph to a variety of F. VaillantiL 

It was not till Haussknecht dealt with these planis that Soyer-Willemet’s 
name was re-established and the essential features of F* Schleicheri satisfac¬ 
torily diagnosed in a tabular form in which they are contrasted in detail 
wiih F, o^citialis^ F. Wirtgenii, and F. Vaillantii —the species with which 
F, Schleicheri had been previously hopelessly confused. This elucidation is 
a careful and accurate jnece of work, clearly showing Haussknecht's intimate 
knowledge of these plants, but his identification of F. Laggeri^ Jord. with 
F. Chaviuii^ Reuter, rather than with F, Schleicheri, cannot be accepted, as 
explained at page 08 of ^^Fuinaria in Britain.*’ Haussknecht*s determination 
was perhaps influenced by the fact that in Herb. Boiftsier Bagger’s specimen 
of F, Laggeri is F. Chavinii. 

Even in quite recent years other s[)ecios have occasionally been mistaken 
for F. Schleichen, as in the exsiccaia FI. Austro-Hungarica, No. 2903 1, 
where F* Schramjnii has been sent out under this name. 

According to Haussknecht, authentic material of F. carinata, Schur, 
Enum. PI. Transsilv. p. 38 (1866), the identity of which is indeterminable 
from the author^s description, belongs to this species, but it is referred to 
F. Vaillantii in Simonkai’s Transylvanian Flora. 

The distribution of F, Schleicheri is shown by Haussknecht to extend from 
Montpellier and Nice, and from the mountains of Savoy across Central 
Europe and Russia to the Caucasus and the Altai District of Central Asia. 

It is also recorded for the Spanish province of Valencia (c/. Willkomm, 
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Wk fiisp, Suppl. 311 (1893) ). It is one of the hardiest species of thegenas, 
growing at an altitude of nearly GOOO feet in the Pennine Alps; and there 
are specimens in Herb. Kew from Siberia Altaica (Ledebour & Ludwig, as 
Vaillantii !). 

Janka^s supina has been reduced to a variety of this species as the 
authentic specimen from Janka at Kew afjipears to show all the essential 
features of F, Schleicheri and scarcely to differ except in its broadly winged 
corolla. It is reduced to a synonym of F. Sclileicheri by Simonkai. 

F. Schleieheri x F, Vaillantu Viir. Chavinii, 

Esfsicc. Brunies, Zernez, Ofenpass Gruppe, Graubiinden, Switzerland, 
1903, in Hb, Zurich, ut F, Vaillantii var. Laggeri ! 

Planta robusta, elongata ; folia laciniis paululum latioribus quam in 
F. Vaillantii var. Chavinii precdita. Racemi 20--30-flori, longi, laxiusculi, 
peduneulos plane superantes. Bracteae lincari-(»l)longje, aoumiiiatsc, pedi- 
cellorum gracilium suberectorum dimidium paulo cxcedentes. Sepala 1 mm. 
longa, ovata, longe acuminata ; corolla circa t) mm. longa, la4e rosea, j)etali 
superioris alis purpureis et ut in F. ISvhleicheri snrsum reflexis. Ovaria 
apiculata ; fructffs omnino abortivi. 

Exemplaria Famariw Schleieheri et F, Vadhintii var. (lummi in bac 
regione collecta in herbario Zurich sunt. 

41. FtTMARiA miorocarpa, Boissier ex Haussk. in Flora, Ivi. 490 (1873). 

F, Schleieheri /8. microcarpa, Baser in FI. Orient. Suppl. 27 (1888). 

Easier* Huet du Pavilion, Erzerum, 1853, in Hb. Boiss., ut F. parvifloia 
var. fl. roseis! Maunsell, Van, Asiatic Turkey, 1899-1900, in Hb. Mus. Brit.! 
Becker, PI. Astraohanicae, Sarepta, 1879, in Hb. Mas. Brit.,at/'. Vaillantiil 

This plant, diagnosed as a species with some doubt by Haussknecht from 
Huet du Pavilion’s specimen in Herb. Boissier, is clearly \ery closely allied 
to F. Schleieheri^ as Haussknecht remarks. The resemblance is seen in the 
foliage, in the dark-tipped flowers with the wings of the upper petal reflexed 
upwards, and in the sub-rotund, apiculate fruits. But F. microcarpa differs 
in its dwarfer and more erect habit, its much .shorter pedicels with relatively 
long bracts, its smdllor and less deeply coloured flowers with more curved 
inner petals, and its smaller fruits (about 1*75 mm. long and broad). 

In some degree F, microcarpa may be regarded as intermediate between 
F* Schleieheri and F, Schrammii^ the latter of which it resembles in its 
small, apiculate fruit. Its corolla, however, quite lacks the marked dorsal 
compression, with spreading wings, which characterizes the flowers of 
F* Sehrammii and F. Vaillantii, 

The more recent material collected by Maunsell and Becker, and now at the 
British Museum, appears to be conspecific with the type of F. microcarpa 
in Herb. Boissier, although these later plants show shorter peduncles and 
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ih6 Sarepta examples somewhat longer pedicels and larger corollas (up to 
5'5 mm. long). 

It may thus be concluded apparently that F. microcarpa is a local species, 
more or less generally distributed from Armenia northwards to the basin of 
the lower Volga. 

The exsiccata labelled ^^F. microcarpa^ Boiss.^ Huet dii Pavilion, Brzeriim, 
1853/^ in Herb. Mus. Brit, (a fragment) and in Herb. Kew are not identical 
with the type in Herb. Boissier and are referable to F, Schrammii and 
F. Vaillantii respectively. 

Other Asiatic specimens annotated as similarly named by Haussknecht 
(Bornmuller, PI Anatol. Orientalis, 1890, No. 1877, Amasia ^ appear to 
belong to F, Vaillajitii var. con/erta^ or (Bornmuller, PI. Lydise et Caria*, No. 
9015, Smyrna !) to F. Schrammii. 

42 Fumaria indica, sp. nov. 

F. Vaillantii var. indica^ Haussk. in Flora, Ivi. 443 (1873); F. parvijfora, 
Wight &Arnott,Prod. Fl.Penins. Ind.-Orient. i.l8 (1834),non Laink.; 
F. parvljiora var. Vaillantiiy Hooker fil. & Thomson, FI. Indica, i. 258 
(1855); F. parvifiora subsp. Vaillantii^ Hookerfil. FI. British India, i. 
128 (1872). 

Icon. Wight, lllustr. Ind. Bot. i. tab. ut F. paiviflora. 

Eorsicc. Hohenacker, PI. Ind. Or. No. 1488, ut F. parviflora ! Hooker, 
No. 200, Bebar, ut F. Vaillantii (f. umhrosu) ! ('larke, Nos. 20804 
& 26903, Pubna & Beanleah, Bengal, ut F, parvifiora I Watt, FI. N.W. 
Himalayas, No. 852, Pangi, ut F. parvijlora ! Watt, FI. Gaugetic Plain, 
No. 2156, Bankipore, ut F. parvifiora I 

Fumaria annua, saepius caulibus crassis/laiiVw rolmstowA elongate, siiberecta 
vel diffusa, verisimiliter baud soandens. Folia vulgo ainpla, jamiruloidea^ 
plus minusve glauca, foliolis in lacinias longas linearer vel lineari-oblongas 
(raro paulo latiores in formis umbrosis) confertas planas acutas fissis 2-4- 
pinnatisecta. 71farm^ 15-2r)-flori, florifeii densiusciili, elouf^ati, laxi, 

pedunculos crassos stepissime subduplo snperantes^ rurius subse^silos Bractea* 
lancoolato-subulatas tenuiter acuminatse, pedicelloH (vulgo 2-2‘5 mm. longos, 
rarius ad 4*5 mm. elongatos) erecto-patentesii\ncQ multoinerassatos utha (juantes 
vel inferiores nonnunquam longiores. Sepala circa 1*5 mnu Umga^ *50-1 mm. 
lata^ lanceolata vel ovato-lanceolata, acuminata, plus minusve inciso-dentata^ 
rosea, in fructu juniore sa'pe persistentia. Corolla .5-6 mm, longa^ rosea ; petalo 
superiore baud lato alls roms (rarius purpurascentibus) plus minusve sursum 
reftexis carinani superantibus apicemque attingentibus ohtuso^ etcalcare longo 
curvaio non adscendente prsedito ; petalo infenore marginibus patulis 
apicemque attingentibus ohinso spathulato^seciige libero deflexo; petalis inte- 
rioribus apioe atropurpureis sursum curvatis, Fructds mediocres^ 2^2’25 mm. 
long!, 2'25-2‘5 mm. lati, subrotundo-quadratiy svhtruncati et interduin obscure 
retusi (in statu juniore cum apiculo brevi qui rarissime persistans est), 

UNN. JOUBN.—BOTANY, VOL. XLIV. 2 C 
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inf erne abmpte angustati, paulalum compress! sed valde (prassertim apicexn 
V0fms) carinati, in sioco apicis foveolis obscuris rugosu 
Forma vtioniana, 

Ea^iticr. Wallicli, No. 143C b, Kamaon! (Collett, No. 457, Simla^ at 
y. parvijfora ! Aitohison, ]3o. 216, Afghanistan ! 

Planta huinilior, compacta ; foliorum luinorum laciniis brevioribus 
erassioribus ‘«iubcanaliculatis ; bracteis pedicellos breviores saapius multo 
superantibiis. 

Fumaria indica per folia vulgo magis decomposita laciniis longioribns 
prsedita, per racemos longiores prope constanter peduncnlatos, per hopala 
plerumque inajora, per corollam angustiorem plane curvatam, minus dorso 
compressam, petali superioris alis sorsum reflexis potius quani paientibus, et 
per fructils subtruncatos valde carinatos sa?pi&8ime majores a F, Vaillantii^ 
a F, Srhrammiij et a F, parvifiord differt. 

PrsBterea F. Vaillantii habitu graciliore, foliorum laciniis latioribus, petalo 
superiore emarginato cum calcare adseendente distinguitur; F, Schrammii 
habitu gracili, racemis paucifloris, tloribus petalo superiore emarginato 
pallidis, fructibus rugulosis apiculatis insuper ‘-eparanda est ; et F. parvijioya 
foliorum laciniis vulgo angustioribus canaliculatis, floribus albidis \el roseo- 
tinctis nec vero roseis, petali superioris alis seepius externe purpureo-maculatis 
calcareque semper adscendento etiam notata est. 

F. Schleicheri et F. microcarpa habitu graciliore, foliorum laciniis multo 
latioribus relative &parsis, floribus constanter apice omnino atropurpureis, 
fructibus minor!bus rotundatis semper apiculatis longe distant. 

F. indica in India extratropica in planitie, in montibus subtropicis et in 
peninsula? montibus Nilghiri occurrit, atque in ciiltis planta communis est ; 
etiam in Scindia, in Afghanistan, in Kashmir, et sub montibus Himalaya in 
Kumaon, in Napalift et in Bhotan invenitur. 

Ultra regiones Indise haec species in Beloochistan (Diithie, No. 8568, 
Quetta, in Hb. Mus. Brit., ut F. pavviffora (abnormalis) !) et in Persia 
(Kotschy, No. 133, Abu Schier, in Hb. Mus. Brit. I Polak, Iter Persicum, 
1882, Kaswin, in Hb. Kew, ut F. Vaillantii 1 Kotschy, No. 45, prope 
Teheran, 1843, in Hb. Kew solo, ut F, parvifora !) crescit; etiam ad 
septentrionem in Turkesbin (Regel, Iter Turkestanicum, Baldschuan, 1883, 
in Hb. Mus. Brit., ut F. Vaillantii I), in Songaria (Krassnow, FI. Iliensis, 
1886, ut F. Vaillantii, partiin I), in Orenburg (Haussk.) et in Mongolia 
(Meyer, PI. Mongolias, No. 720, Chugutchak!). 

The distinctive appearance of this plant, which is now well represented at 
Kew from numerous Indian localities, was remarked so long ago as 1834 by 
Wight & Amott (Z.o. i. p. 18), who refer it to F. parmfiota with the remark ; 

In the Indian plant the flowers are rose-coloured and approach closely to 
F. VaUlantHF Hammar places it under F* Vaillantii on account of its flat 
leaf-segments and obtuse fruits, but notes that its leaf-cutting is much finer 
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than in the type ; and the same peculiar features are recognized by 
Haussknecht in liis diagnosis of /I Vaillantii var. indica. Like his 
predecessor, however, Haussknecht does not seem to have reinarke<l the 
characteristic corolla or to have closely examined the fruits. 

It is evident from their labels that some more recent Indian collectors lia\e 
hesitated what name to apply to this plant, and Aitclii^on, who found it a 
common weed on the Afghan frontier, refers it to F. oficinalis^ seemingly 
distinguishing it from F. VaUlaniii^ which he collected ns a raie species in 
the Kurrurn Valley. 

F, indica is remarkable for its great altitudinal range, extending from the 
lowland Ganges basin to at h'ast 9000 ft. in the N.W. Himalayas. As might 
be expected, examples obtained in the warm regions diff(‘r considerably fiom 
montane s})ecimens. Tlio form of the plains is usually a large, robust plant, 
with long leaf-segment**, giving it a fennel-like as|)ecl, and frequently 
elongate pedicels. The hill-plant is naturally dwarfer, and shows relatively 
small leaves, with thicker and somewhat channelled segments. It also lias 
commonly very shoit and tliick pedicels, much exceeded by the bracts, rather 
finer flowers, and probably relati\ely larger sepals. As these differences are 
such as would be expe<*ted to arise solely from the varied environment, the 
mountain plant has been distinguished merely as a form. 

43. Flimauia VAinLANTii, [joiseleur in Desvaux, Journ. Bot, ii. 358 (1809), 
et Notice, 102 (1810) ; Hamm. Hon. 14 (1857) ; Haussk. in Flora, 
lvi.411 &441 (1873) ; Pugsley, Fum. in Brit, tit) (1912). F. (avierarii, 
Bubani, FI. iii. 281 (1901). 

leones, Vailhint, Bot, Paiis, tab. 10. fig G; Stuiin, Deutschl. FI. i. G2, 
tab. 15; Heichb. Icon. FI. Germ. iii. tab. 1. fig. 4452; Hamm. /. c. tab. i 
(f. sepalis latioribus) ; Clavaud, FI. Gironde, IM. 4. fig. 3. 

Flesicc. Bdlot, FI. G. & G. No. 215 bis ! Schultz, Herb. Norm. No. 414 ! 
FI. Exsicc. (Vrniol. No. 2871 ! 

Haraniar\ diagnosi.s of this s, ecies i- fairly satisfactory, but he does not 
seem to have appn^ciated the sparse and long-petioled foliage characteristic 
of the typical form, which w'as noticed by the older botanists Vaillant and 
Loiseleur. It is possible that his description was partly ba.sed on examjdes 
of the variety Chavinii, which, judging tiom British lierbaria, appears to be 
the [)revaleni if not the only form growing in Scandinavia. 

In addition to its omission to emphasize the slender habit and bipinnatisect 
leaves peculiar to typical F, VaUlantii^ the Monograpli is inaccurate respecting 
the sepals, which are usually lanceolate instead of subrotund-ovate, and 
frequently persistent on the young fruit rather than caducous. The flowers 
of the typical form are normally of a purplish-pink colour ; and the 
ascending spur of the upper petal is a characteristic feature in this species, as 

2c2 
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in jP* parvijlora^ which is not mentioned in the diagnoses in Fumaria in 
Britain.’^ 

The mncronalns of the young fruit, which sometimes lasts almost to 
maturity on the living plant, although invisible in the dry state, is also 
inadvertently unnoticed in Fumaria in Britain/’ Four forms, based 
ohieBy on the variations of the frui^ are distinguished by (llavaud 
(FI. Gironde, 51 (1882)). 

F. Vaillantii var. graciluy Knaf in Flora, xxix. 292 (1846), is referred by 
Eaussknecht to a shade-form of the specific type. 

8. conferta, Haussk. L c. 445. 

F^vsicc, Heldreich, Isbarte, 1854^ ut F. Vaillantii ! 

Herba robusta, eompacfa et satis ramosa ; folia laciniis obtusiusculis hand 
sparsis 2 -.*l-pinnatisecta. Racemi breves plerumque subsessiles ; pedicelU 
baud graciles, hrevissimi (circa 1 mm. longi). Corolla minima^ 4-5 mm, 
longa, pallide rosea^ petalo superiore alis roseis plus minusve emarginato, 
calcare ut typi curvato adscendente. Fructds ininimi^ vi\ 2 mm. longi et 
latitudine paulo minores, subrotundi vel subrotundo-obovati, sine apiculo 
obtusi. Aliter ut in typo. 

The type of this variety is represented in Herb. Mus. Brit., and also at 
Kew, where two good examples exist. 

Otlier exsiccata, as ‘^Bornmnller, PI. Anatol. Or. No. 1877,” referred to 
F, mkrocarpa^ Boiss., apparently agree most nearly with this variety, 

7 , Chavinii, Rouy & Foucaud, FI. Fr. i, 181 (1893) ; Pugsley, Lc. 70 
(1912). F. Chaviniiy Reuter, Oat. PI. Geneve, ed. 2, 10 (1861) ; 
F, Vaillantii, Bab. in Eng. Bot. Suppl. 2877 (1844). partim (fl. roseis) 

F. Vaillantii Laggeri, Haussk. 1. c. 442, nec Hamm, nec F. Laggeri, 
Jord, 

Icon. Eng. Bot. Suppl. 2877, partim (fl. roseis), ut F. VaiJlantU. 

Ex$ice. Billot, Fl. Exsicc. (Jont. No. .1508, ut F. Clmvinii I Hourgeau, PI. 
d’Espagne, No, 2108, ut F. Vaillantii I Schultz, Fl. G. & G. 2nd Cent. No. 6, 
ut F. Vaillantii I ’ 

Quam tjrpus planta rolmtior et erectior, ssepius parce ramosa et nunquam 
intricato-ramosissima. Folia irregulariter 2-3-pinnatisecta, foliolia quam in 
typo brevius petiolatis, ladniis linenri-oblongis linearibusve, acutis, confertis 
potins quam sparsis. Ruoemi 10-20-(raro 25-) flori, peduncnlos breves 
snperantes. Pedicelli quam typi plerumque longiores (3 mm. longi), flexnosi, 
iuberecti vel rarins erecto-patentes. Sepala quam in typo minus persistentia! 
Corolla circa 6 mm. longa, dilute sed smpius Ijete rosea, petali superioris valde 
emarginaii alis latissimis, ssepe subserratis, roseis vel raro obscure pnrpnreis. 
FruetiU quam typi ssepe paululum majores, circa 2-25 mm. longi et 2 mm. 
lati, subrotMndo-ovati, obtnsi vel etiam subretusi, siccitate dense rngosi. 

In this variety, which was feebly defined by Reuter but more accurately 
diagnosed by Hausskneoht and by Rouy & Foucaud, the flowers are usually 
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light rose-coloured with very little, if any darker tinting in the wings of the 
upper petal. These wings, as well as the margins of the lower petal, are 
frequently more strongly developed than in the specific type. The fruit of 
var. Ohavinii, besides being often rather larger Jind more rugose than in 
typical F. Vaillantii, differs further in being normally plainly longer than 
broad. 

There is good material of this variety at Kew from the locus classieus near 
Geneva. 

F, VaiJlantiiy, ochroleuca^ Knaf in Flora, xxix. 292 0846), is probably, for 
the most part, a pale-flowered form of this variety. 

S. venetiea^ var. nov. 

Fxsicc. Fiori, Beguinot, Pampanini, Fi. Exslcc. Ttal. No. 565, Venetia, 
G. Rigo, ut F. Vaillantil I 

Planta glauca, ut in var. Chavinii rohusta^ et satis ramosa. Folia ampla, 
irregulariter 2-3’-pinnatisecta^ foliolis in lacinias confertas^ lineari-lanceolatas 
vel lineares, acutas fissis. Racemi densiusculi, multi-(sub-20-) flori, quam in 
typo paulo longius pedunculuti. Bractav lativ^ linoari-oblongae, cuspidataj, 
pedicellis breviusculis (circa 2 mm. longis) erecto-patentibus paulo breviores. 
Sepala saltern 1 mm. longa, ’SO-’Gfi mm. lata, ovato^lanceolata^ plus minusve 
serrata, nervo dorsali viridiusculo rosea aut roseo-ulbida, caduca. Corolla ut 
in var. Chavinii^ sed jyetali superions alls angustioribus obscure purpureis* 
Fi^icttls plane latiores (/uam loncfi (2 mm. longi et 2*25 mm. lati), subtruncati^ 
siccitate cum apicis foveolis latis rugosi. 

Ha3c varietas var. Chavinii proxiina est, sed pedicollis brevioribus erecto- 
patontibus, bracteis sepalisque latioribus, corollit alis angustioribus obscurius 
coloratH, fructibus niulto latioribus distinguitur. 

F, officinalis var. Wirtgenii foliorum segmentis latioribus, sepalis corollis 
fructibusque majoribus conspicue differt. 

F, Schleicheri pedicellis gracilioribus et multo longioribus, bracteis mini¬ 
mis, floribus saturate roseis petali superioris alis valdo reflexis, fructibus 
apiculatis rugulosis plane recedit. 

F. yaillantii var. venetica in cultis prope Torri del Benaco, Rivoli et 
Veronam in Venetia Italise septentrionalis habitat, ubi frequentissime a cl. 
Rigo ut F. Laggeri collecta est. Htec planta non solum ut F^ Laggeri et 
A’. Vaillantil sed etiam sub nomine F, Schleicheri (Fiori, etc., FI. Exsicc. Ital. 
No. 566 !) distributa est. Exemplar hujus varietatis, ut videtur, sub nomine 
F, Laggeri prope Weimar (Kastenberg) a Dr. Torge collectum in lierbario 
Kewensi est. 

An element of doubt exists as to whether the above three varieties are best 
placed as such under F. Vaillantii^ and further study of the group seems 
desirable, especially as the features of the floral organs can be readily 
mistaken owing to their small size. 



' AIiJ. MH. B. W. IHJOgLBY : A RBYISION Of THB 

iSbfe abort racemes of minute flowers seen in var. conferta are not unlike 
tlioae of t\ Sclirammi^ which is treated as a separate species, but its fruit 
characters soeni to bring it to F. Vaillantih with which it also agrees in the 
form of the corolla-spur. 

The specific type, peculiar chiefly for the distant and sparing leaflets noted 
by its earliest describers, looks widely different from well-marked example^ 
of var. Chavinii, not only in foliage but also in its slenderer and 1001*0 
branching habit, its differently coloured corolla with apparently a more 
ascending spur, and its distinctly broader fruits. But Haussknecht^s remarks 
that various intermediates are to be found seoms correct from the evidence 
of dried material, and this renders it difficult to define the two forms as 
distinct species. 

The variety venetica is most closely related to var. Chavhdi^ \\hich it 
resembles in habit and foliage. These features, combined with its broad 
fruits, somewhat recall those of F, and it might be confused with 

the small-flowered varieties of this species on a cursory examination. 

Fumaria VaillatUil is one of the most widely distributed species of the 
genus, extending from Spain across Euro{)e to the Altai Mountains of 
Central Asia and to the Indian fionfier. In Europe it appears to be less 
plentiful in the Mediterranean region than in the central portions of the 
Continent, while in Asia it occurs from the Aegean to Beloochistan, 
Afghanistan and Kashmir, as well as further north from the (^aspian 
eastwards to Chinese Songaria. Ledebour's specimens at Kovv from the 
Altai Mountains are a mixture of this species and F. ScJdeicheri, 

The occurrence of F, Vaillantn in North Africa and the Canaries, though 
reported by both Hainmur and Haussknecht, seems open to doubt. It is 
indeed recorded by Ball for one Moroccan station (Journ. Linn. Soc. xvi. 
p. 1114 (1878)), but Battandier & Trabiit (FI. de TAlgiuie, p. 29) remark that 
they have not seen this species from Algeria, and Munhy’s Algerian 
specimens at Kew under this name belong to F, paiFtfiora, More recently, 
ho.^’ever, a Tunisian habitat has been reported by Murbeck (Coiitr. FI. 
Nord-Ouest Afriquo, p. 5 (1897)). The examples from the Canaries similarly 
named, both in Herb. Kew and Herb. Mus. Brit., are referable to F. parviflora. 

The specific typo, originally described by Loi^eleur from a French plant, 
seems to be chiefly found in We^stern Europe on the calcareous soils of 
France and Britain. It also grows in the Tyrol (Hb. Kew !), in Albania 
(Hb. Kew !), in Asia Minor (Hieropolis, lianssk. in Hb, Mus. Brit. !), and 
in Persia (Teheran, Kotschy, in Hb. Kew !) ; wdiile still further east a 
similar form, sometimes with broader sepals, prevails, which is represented by 
the exsiccata Jacqueinont, No. 723, Kashmir, in Herb. Kew ! and Aitchison, 
No. 210, Kurrum Valley, Afghanistan, in Herb. Kew, as F, parmjfora I 

The variety Chaviniiy which is not confined to calcareous ground, appears 
from herbarium material to be the prevalent form, though not always equally 
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well marked, of Central and Northern Europe, and is the only form seen 
from Scandinavia. It also grows in Spain and in France, as well as in 
Britain, but no undoubted examples of it have been identified from the more 
eastern parts of the specific range. 

44. Fumaria Schrammii, sp. nov. 

F. Vaillantii viir. Sch'ainmii, Haussk. in Flora, Ivi, 444 (1873) ; RoiiyA 
Foucaud,Fl. Fr. i. 181 (1893); F.parvij/oraa. tentti/olia aa. Schrammii^ 
Ascherson, Verhandl. Bot. Ver. Prov. Brandenburg, v. 221 (1803). 

Ea'sicc. Bourgeau, PI. d^Espagne, 1830, No. 338, ut F, Vaillantii ! 
Filarszky,Fl.Exsicc.Anstro-Hungarica,No.2903i,ut F.Schleicheril Schneider, 
Iter Balcanicum, 1007, No, 144, Bulgaria ])rope Varna! Hornmiiller, PI. 
Lydim ot (Vrife, No. 9013, Smyrna^ ut F. Srhleicheri 'ar. microcarpa 1 Born- 
imiller, PI. Anatol. Or. 1880, Nos. 127 & 133, et 1800, No. 1739 ! Kotschy, 
No. 35, Teheran, 1846, ut F. Vaillantii ! 

Fumaria annua, sa^pissime gracilis^ caiilibus lenuibns nunc elongatis 
sparsis nunc ramosissimis compactis proedita, raro petiolis cirrhosis scandens. 
Folia plus rninusve glauca, so[nns ampla, foliolis tenuibus longe petiolatis in 
lacinian lineari-lancpolatas vel fere lineares («'a*pius satis longas) planas 
acutas fissis 2-3-pinnatisecta. Raoemi breves^ pauci-(fi-13-) flori, hreriter 
pedunculatiy subsessiles vel etiam sessilet>. Jhactea angusfft^ lineari- 
subulatse, tonuiier acuminntsa, peJieel I is fructiferis erecto-patenlibns brevissimis 
(circa 2 inm. lengis) sa?pius gracillimis suhdnplo breviores. Sepala 'b-17) mni* 
longa^ ‘23-’4 mm. lafa^ snblanceolata, incisoddentata^ albida, facile caducu. 
Corolla 7nm. lovga, pallide hlacina, petalxnn superius alis lilacinis vel 

subpurpureis fore patentibus eniarginatuin^ valdo dorso compressum, calcare 
doflexo parum curvato pra?ditum ; petalnm inferius marginibus lilacinis 
patentibus subtruncatum spafhulatuni: j)etala interiora apice atropurpurea 
fere recta. Fructils parvi, P73-2 mm. loiigi et lati, snbrotundi rel snbrotundo- 
ovatiy cum apiculo brevissimo persistentc obintinscnli vel obtusi, inferne in 
stipitem angustum obscurum contract!, paulo compressi et plane carinati, in 
sicco apicis foveolis distinctis rugulosL 

orientalis^ var. nov. 

Eijcsicc, Brotherus, PI. (^aucasica*, 1881, No. 42(1, Caithalinia, in Hb. 
Mus. Brit., ut F, Vaillantii \ Huet du Pavilion, Erzerum, 1833, in Hb. 
Mus. Brit., ut F* microcarpa ! Komarow, Samarkand, 1892, in Hb. Kew, 
ut F. asepala ! Gilgit Exped., No. 191, in Hb. Kew ! 

Herba robustior^ ssepius basi ramosissima, foliolis quam in t} po Sj arsioribus. 
Racemi plerumque subsessiles, raio pedunculati. Corolla 3-0 mm. longa, 
petali superioris valde emargijiati alis pallide purpuieis. Fructih 2 mm. 
longi et lati, cum apiculo distincto (quam typi longiore) persistente obtvsissimi, 
inferne abrupte aiigustaii, (][uam in typo minus compressi, in sicco mgosi 
potius quam rugulosi. 
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Hiec species Fumaria* Vaillantii ccjus formara umbrosam saepe refert 
iittiillima est, sed per foliorum lacinias lon^iores, per racemes breviores 
ssspe subsessiles, per corollas lilacinas petali superioris calcare parum currato, 
per jEruct{is rainores persistenter apiculatos minus rugosos specifics differre 
videtar. 

parviflora^ljxxvik. habitu robiidiore, foliorum segmentis angustioribus 
plus tninusve canaliculatis, braeteis sepalisqiie latioribus, corollis albidis 
petalo superiore baud emarginato calcare adscendente, fructibusque valde 
earinatis rugosis saepius mucronulatis plane difiert. 

F, Schrammii Hispaniam (Reuter, Madrid, in Hb. Kew !), Galliam 
(Benthain, Avignon, in Hb. Kew f Eeverchon, Brian<;^on et Vaucluse, 
in Hb, Kew ! Lille, Haussk, Gironde, Rouy & Foucaud), Helvetiaiji 
(Graubiinden, in Hb. Zurich 1), Germaniam (Aseberson & Bsenitz, 
Brandenburg, in Hb. Kew! Thuringen 1), Hungariam (Filarszky, No. 290311), 
Bnlgariain (Schneider, Varna !), Macedoniam (Salonika, Haussk.), et 
Tauriam (Hb. Pallas !) Europa3 habitat ; in Asia efciani Anatoliam 
(Bornmiiller, Smyrna ! et Amasial), Armeiiiam (Huet du Pavilion, Erzerum 
—var. orienfalis I), Transoaucasiain (Brotherus, Carthalinia—\ar. orientalis I), 
Persiam (Kotschy, Teheran ! Bunge, Astrabad—var. orientalis !), Turkestan 
(Komarow, Samarkand—cum var. orienfali 1), Chitral (Relief Expedn., 
No. 15875, in Hb. Mus. Brit., ut F. fnirrij/ora I), Gilgit (Expedn. No. 191, 
in Hb. Kew—var. orientalis I), et Kashmir (Winterbottom, in Hb. Kew!). 

A compact and densely branched Spani^'h plant in Herb. Zurich, labelled 
without date vasptosa Loscos Exsicc. FI. Arag. n. Oastelseras. Leg. 
Loscos’’differs from the original plant sent out by Loscos as F. caspitosa 
and is a form of F. Schrammii var. orientalis. The specimen of F, caspitosa 
in Herb. Boissier also belongs to this foim. 

It is only after some hesitation that F. Schrammii ha*^ been described as a 
species distinct from F, Vaillantii^ to which it is evidently very closely 
allied and of which it will be seen to possess almost the same general 
geographical distribution. While resembling its ally, however, it seems to 
keep constantly distinct in several particulars, and no intermediate material 
has come under observation concerning the identity of which any reasonable 
doubt can be entei'tained. 

Haussknecht, in describing F^ Schrammii as a variety of F, Vaillantii^ 
mentions it as a remarkable plant that may prove to be a separate species, 
and it seems probable from the notations on Bornmiiller’s labels that at a later 
♦date both ho and Ascherson were confirmed in this view. 

The variety orientalis has been placed under F, Schrammii ovring to its 
similarly coloured flowers and persistently apiculate fruit, but the latter 
organ differs considerably in form from that of the type, and it may prove, 
when better material of the variety is available, that the two plants are not 
conspecific. 
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45, Fumaria asepala, Boissier, FI. Orient, i. 135 (1867); Haussk. in Flora, 
Ivi, 461 (1873). 

Exsigc. Bornmullor, PI. Anatol. Orient., 1893, No. 1737, Amasia, ut F. 
parmflora f. erecta ! Wiedemann, Anatolia, in Hh. Kew, ut F, parvi/fora ! 
Borrimuller, Iter Persico-Tiircicum, 1892~3, No. 3136, Angora, Anatolia, ut 
F, parvij/ora ! Kotschy, No. 17, Mens Taurus, 1836, ut F. parvijtora (par- 
tim) ! Kotschy, Iter (^ilicieo-Kurdicuni, 1859, No. 41, in Hb. Mus. Brit., ut 
F, parvi/fora ! Sintenis, Iter Orientale, 1888, No. 282, Mesopotamia I 
Stapf, No. 2158, Schiras, 1885, in Hb. Kew 1 

Fumaria annua, lutniilis^ caulibus graeilibus suherectis baud scandentibus 
saopius valde ralnosi^ prjetlita. Folia glauca, irregulariter 2- (raro 3-) 
pinnatiseeta, y5//o//5 patt/o spavsis in lacmias Lineari-ohlonpas planus basi 

plus minusve attenuatas tissis. Racemi Horiferi hrecissinii^ fructiferi tandem 
paulo elongati, pandjiori (6-12-dori), suhsessUes aut raro brevissime pedun- 
culati. Bracteir lineari-oblongm, acuminata*, albidfe, pedicellos fructiferos 
erevto-patentes brevissimos (1-2 mm. longos) baud crassos sape superantes sed 
nonnunqnam breviores. Sepala absentia aut rarissime (Sintenis, Iter Or. No. 
282, partim) minntissima vix videnda. Corolla 4-5 m?n. lomja^ alha\ petalo 
snperiore valde dorsum compressor alls latis albis patentibus vel etiam deflexis 
ultra carinui crassa viridis apicem productis conspicue emarginatOr atque 
cabaire vix curvato [iradito ; petalo inferiore lato, carime crassae viridis 
morginibus albis patentibus apicem versus abrupte dilatatis et ultra apicem 
productis spathulato-emarginatOr petalum superius extra calcar simulante ; 
petalorum interiorum apice (interdum obscure) purpureo ab exteriorum alis 
suhcelato, Fruetds parvi, circa 2 mm. longi et subfcque lati vel paulo angus- 
tioros, sidirotundi rel subrotundo^ovati, paulo coinpressi et plane carinati, cum 
apiculo brevissimo persistente obtusi et inferne paululum angustati, siccitate 
apice minute sed plane bifoveolati rugulosi. 

)8. compacta, Haussk. /, c. 461 (1873). 

Exsicc, Aucber-Eloy, Herb, d^ Orient, No. 4051, Ispahan, ut F. Vaillantii 1 
Kotschy, No. 45, Teheran, 1843, in Hb. Mus. Brit, (non Hb. Kew), ut 
F. parviflora ^ Bunge, Iter Persicum, 1859, inter Teheran et Tabriz, ut 
F, parnijloral Polak, Iter Persicum, 1882, Dauletabad, in Hb. Kew ! 

Planta nawa, caulibus curtis suberecta. Foliorum lacinur anguste 
oblanceolaifVr ohtus(V vel rarius mucronata?. Hacemi constanter brevissimi, 
vulgo 4~6-flori. Flores typi, sed petalorum interiorum apex viridescens nec 
purpureus. Fructus subrotundi, nonnunquam quam in typo paulo majores. 

7. apricUr var. nov. 

Exsicc. Bornmuller, Iter Persico-Turcicum, 1892-3, No. 3234, Anatolia 
(Siwas), ut F. parviflora f. apriva ! Kotschy, Iter Cilicico-Kurdicum, 1859, 
No. 41, in Hb. Kew, ul F, parviflora 1 
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FoUotvm lanniii angnsiiores, Unearet nec lineari-oblongse. Bractese quam 
io tjrpo angustiores. Corolla dorso et petalornm exierionuu marginibus 
uigttstioribns prsesertim apicetn versus ruheseens. Fructiis minimi, 1*75 mm. 
loDgi et 1*5 mm. lati, subrotnndi. Aliter nt in typo. 

Hbbc species quae Fumaria Vaillantii habitum foliaqno sed F. parnftone 
fiores albidos habet non solum calyce abortivo sed etiam petalis duobus 
exterioribuB valde emarginatis altero alterum simnlante notabilis est. 

F, Vaillanlii racemis longioribns pedunciilatis, sepalis lanceolatis, corollis 
majoribus roseis calcare adsoendente petaloqne inferiore trnncato neo 
emarginato, fructibus sine apiculo persistente rngosis ; F. parviflora habitu 
robnstiore, foliorum magis decomjmsitorum laciniis angnstioribiis vulgo 
canaliculatis, racemis longioribus, sepalis saepissiine ovatis rarissime obsoletis, 
oorollis vulgo majoribus calcare adscendente petalisque exterioribus baud 
emarginatis, fructibus s8Bpi«sime rugosis valde carinatis insuper distinguitur. 

F. Schrammh habitu laxiore. foliorum laciniis et racemis longioribus, 
sepalis sublaneeolatis, corollis majoribus lilaciuis petalo superiore solo 
emarginato satis differt. 

F. indica habitu robusto, foliorum laciniis longis angustis, racemis longis 
pedunculatis, floribus majoribus roseis, petalis exterioribus baud emarginatis, 
fructibus truncatis rugosis facile sejiaranda est. 

This distinct though inconspicuous fumitory, remarkable for its strongly 
compressed flowers with the outer petals almost equally winged, is widely 
distributed in Asiatic Turkey and extends eastwards into Persia. The variety 
eompacta seems to occur chiefly in the latter country, but it is also recorded 
by Haussknecht for two Syrian localities. 

46. Fumahia pakviixora, Lamarck, Encycl. Method, ii. 567 (1788) ; Hamm. 
Mon. 16 (1857) ; Haussk. in Flora, Ivi. 456 (187.1) ; Pugsley, bum.* 
in Brit. 60 (1912). F. tenvifolia, Roth, Catsilecta, fasc. ii. 82 (J800). 

Ulnsius’ Vapnos eretica Jioribus catididis fuma mat aid (Hist. Bar. PI. hb. vi! 
p. ceix (1601)) appears to be this species. It is cited by 0. Banhin (Pinaxj 
p. 143 (1623)) as a synonym of Fumaria minor fob o obloM/o capillaceo, whiclV 
according to A. P. de Candolle (Bull. Hb. Boissier, Tom. i\. 2“« Scrie, No. s' 
p. 304 (1904)), is represented in Bauhin’s Hcibaiium by F.parvif/ora. ' ’ 

leones. Sturm, Deutschl. FI. i. 62, tab. 16 ; Reichb. Icon. FI. Germ, iii 

tab. 1. fig. 4451 (f. sepalis majoribus) ; Hamm. l.c. tab. ii: Clavan.l FI* 
Gironde, PI. 4. fig. 4. auu, pj. 

Exsicc. Heldreich, Herb. Grsec. Norm. No. 1206, ut F. parmAora 
f. uml>rosa ! Wirtgen, PI. Sel. Rhenan. fasc. iv. No. 159 ! Bonrgeau, PI. Pyr - 
Espagnol. No. 389 ! Bourgeau, PI. d’Espagne, 1851, No. 10141’ Piori & 
B^guinot, FI. Exsicc. Ital. No. 1051 (ad var. Symei accedens) I 
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Forina Viviaaiu 

F» lencaritha^ Viviani, FI. Oorsicae Sp. Nov. Diaj’i). 12 (1824) ; F,parnflora 
var. leucavtha, (/lavaiid in Act. Hoc. Linn. Bordeaux, xxxv. 4® scr. v. 27(5 
(1881), et FI. Gironde, 52 (1882), ex parte. 

Kv81C(\ Pichler, FI. Exsicc. Austro~Huii|>arica, No. 87, Spalato, ut 
jarmflora I Bevorclion, FI. de Sardaigne, No. !U, ut F, pavtnfiora (f. fol. 
laciniis latioribus) ! 

Fruelibus obiusis nec aeuminatis nec emarginatis a typo differt. 

In the cas(‘ of this sj)ecies Haminar^s diagnosis is generally accurate, but 
he a[)pears to have overlooked the characteristic broad bracts, which he 
describes as linear, as well ns the normally obtuse but not einarginate uj)per 
j)etal, wdth its jnirple blotch on the outer or low’er side of the wings. 

The form regarded as the specific type, in accordance with the general 
view of authors, is the more robust plant, with laxer and less glaucous 
foliage, whiter and somewdiat narrowly winged corollas, and shortly 
mucronulat(s fruits, as described in Fumaria in Britain [F. parnflora var. 
leucantha^ (Jlavand, /. c., excl. forma Vivianii). The rotundaio, ascending 
spur common to all the forms of the species is not mentioned, through 
inadverten<*e, in that description. Jt may be added that the leaves in this 
s[»ecies are coniinonly l]-4 rather than 2~.‘l-pinnatisect, and the corolla is not 
often more than 5 mm. in length. 

! Flores albi, vix roseo-tineti ; sejvala sa^pissime albida ; 2)etali 
superioris ahe fjuam in typo angustiores. 

/3. 6//mc/, Fugsh'y, /. c. (55 (1U12). 

F, Bab. in Trans. Bot. Soc. Edin. i. 3(5 (1844) ; et Eng. Bot. 

Suppl. 2877 (1844), ex parte, non Lois. 

Icon. Eng. Bot. Suj)j)l. 2877, ut F, Vaillatitii (partini—f. flor. albis). 

Kcsicc, Keverchon, PI. de rAndaloiisie, No. 557, nt F. parv\flora ! 

Ill addition to the short leaf-segments, relatively large sepals, and finally 
refuse friiirs characteristic of this variety, it may be distinguished by its 
racemes, which, both in flower and in fruit, arc normally laxer than in the 
other forms of this si)ecies. 

Other examples collected in Spain (Bourgeau, PI. d’Espagne, 1850, 
No. 537 I), in Morocco (Hooker, (^asa Blanca, 1871, in Hb. Kew I), and in 
the (Canaries (Lowe, No. 21 bis, Orotava, 1858, in lib. Mus. Brit., ut F^ 
flora fl. aibis!) are closely related to, if indeed separable from this variety. 

7. latisectay Haussk. Z. c. 4(50 (1873). 

Easicc. Schim2)er, No. 410, Mt. Sinai, 1835, ut F.parvifiora ! Macdonald, 
Arabia Petraea, 1849, in Hb. Kew, sub F. parvijiora ! 

Planta satis robuata, suberecta, baud scandens ; folia vix glaucescentia, 
ampla, laciniis linearibus vel oblongo-linearibus, 1-2 mm, (ad 3 mm. ap. 
Haussk.) latis^ fere planis^ obtusis obtusiusculisve prsedita. iiacewn* sessiles, 
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dens! (etiam fruotiferi), quam folia opposita inulto hreviores; bractese 
|MMlicello8 brevissimos (circa 1 mm. longos) plane superantes. Corolla 
4*5*-5 mm. longa, albida ; petalo superiore anguste alato. Fructtls parvi, vix 
2 mm* longi ac lati, subrotundi, obtusi vel subretusi, brevissime apiculati, 
iiecitate mhhwes. Aliter nt in typo. 

This variety, which is well represented at Kew, is notable for its ample 
fl^liage with broad and nearly flat leaf*segments, for its very short and 
dense racemes, and for its nearly smooth instead of rugose fruits. 

Tommasini’s specimen from Trieste, in Herb. Boissier, included in Hauss- 
knecht^s citations for this variety, shows poor flowers and fruits, but has the 
aspect of a form of F* Vaillantii^ as labelled. A few other European 
exsiccata, as ‘‘Reverchon, PL de Sardaigne, No. 91,” approach this variety 
in foliage. 

S. persica^ var. nov. 

Exsicc, Sintenis, Iter Transcaspico-Persicum, 1900-01, No. 1548, ut F. 
asepala I Bornniiiller, Iter Persicum alteram, 1902, No. (5112, Persia borealis, 
ut F. parvijlora] Kotschy, No. 314, Schiras, 1842, ut F* parvijioral FI. 
Baluchistan, No. 3521, ut F. parvijlora (partim—pL fl. albis) ! Kotschy, 
No. 17, Mons. Taurus, 1836, in Hb. Kew, ut F. parnjiora (partim)! Postian, 
PI. Mont. Syria3 borealis, Aintab, in Hb. Mus. Brit., ut F. asepala ! 

Pianta robusta, ramosior, baud scandens ; folia plus miniisve glauca, 
ampla^ laciniis linearibus vel oblongo-linearibus (raro plus 1 mm. latis), 
confertis, hrevihus^ crassiusculis, subcanaliculati«, acutis subacutisve prsedita. 
Racemi ssspissime sessiles, breves, floriferi densi, fruotiferi paulo elongati; 
bractese pedicellos brevissimos (circa 1 mm. longo«i) multo superantes. 
Sepala absentia aut minuta (circa *5 mm. longa), triangulari-ovata, acuminata, 
albida. Corolla minima^ 4-4*5 mm. longa, alba; petali superioris alis 
angustis vulgo sine macul& purpare& ; petalorum interiorum apice purpureo 
vel viridiusculo. FrmtHs 2 mm. longi et paululum latiores, subrotundo- 
obovati, obtusissimi vel subtruncati, obscure brevissime apiculati^ in sicco rvgosu 

Hcbc varietas quae per foliorum amplorum hicinias breviores confertas 
et per fructfls obtusissimos a typo longe distat varietati latisecta similis est, 
sed foliorum laciniis brevioribus angustioribus, sepalis nbsentibus velminutis, 
oorollft minima, fructibusque obtusissimis rugosis potius quam sublaevibus 
satis differre videtur. 

! I Flores tandem roseo-tincti; sepala rosea ; petal! superioris alse 

smpius latiores. 

€. glavca^ Olavaud in Act. Soc. Linn. Bordeaux, xxxv. 4 ser. v. 277 
(1881), et FL Gironde, 53 (1882); Nicotra, Le Fum. Ital. 69 
(1897). F^ glauca^ Jordan, Pugillus, 8 (1852) ? 

Essiec* Scbulta, Herb. Norm. No. 415 ter, ut F. parvijlora ! Bourgeau, 
Env. de Toulon^ No. 18, in Hb. Kew, nt F. parvijlora ! Kralik, PL Tunet. 
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1854, No. 8 , in Hb. Mns. Brit., ut F. parviflora ! Bornmuller, Iter Persico- 
Turcicuin, 1892-3, No. 2030, Persia borealis, ut F, parviflora ! 

Plants quain tjrpus humUioi\ baud scandens. Folia valde glaiica, lacimis 
anguste linearibus^ brevihus^ canaliculatis, seepe crassiuscuHs. Racemi floriferi 
densi; flores quain in hujus specie! aliis for mis magis patentee. Corolla 
usque ad 5 mm. longa, sjupius liete roseo-tincta ; petali superioris ahv quain in 
typo latiores, prfesertim apivem versus dilatatfp ; petalo interiore saepe sub- 
truncato efc libero deflexo. Fructus vix 2 mm. longi latique, subrotundi, 
obtiisiuscull brevissime apiculati, rarius subrotundo-ovati acutiusouli. Aliter 
ut in typo. 

The corolla of this pretty variety differs somewhat in shape from that 
of the other forms of this species, and at the time of flowering is generally 
less erect in the raceme. 

Plants occur {cf. Boiirgeau, PI. d'Espagne, 1849, No. 22 , in Hb. Mus. 
Brit. !) having the habit and flowers of var. glauca with the more attenuate 
fruit of var. acuminata. 

f. 'acuminata^ Clavaud, ILc. 277 et 53 (1881 et 1882) ; Pugsley, he. 

G4 (1912). 

Icon. Smith, Eng. Bot. 590, ut F. pardflora. 

L\vsicc. Schultz, Herb. Norm. Nos. 415 & 415 bis, ut F. jmrd/loral 
Siiitenis, Tter Trojanum, 1883, No. 301, Kenkoei, ut F. pardflora ! 

Plants ut var. glauca humiluy baud scandens. Folia intense glauca, 
ladniis tenuiter linearibus vel subcapillaceis canaliculatis, Racemi floriferi 
densiusculi. Corolla relative majuscula, 5-G mm. longa, tandem roseo-tincta ; 
petuloruin exteriorum inargines quam in typo paululum latiores. Fruct4s 
2’25-2*5 mm. longi et 2 mm. lati, suhrotundo-ovath cum apiculo brevissimo 
persistente acutiusculi velacuminati^in sicco apicis foveolis fore obsoletis rugosi. 

This variety is notable not only for its more acuminate fruits but for 
its very fine, almost capillary leaf-segments; and its flowers are .somewhat 
larger than those of any other form of the species. 

77 . sinaitica, Haussk. /. c. 4(>0 (1873). 

Exsicc. Boissier, Jardin du Sinai,.Arabia Petrsea, 184G, in Hb. Boissier I 

Plants nana, vix 4 cm. alta, satis ramosa. Folia intense glauca, inferiora 
caules fere aequantia, ladniis obtusis hredssimis (suj)erioribus vix 1 mm. 
longis) praedita. Corolla roseo^tincta. Fructfls ut in typo. 

This seems to be a very rare plant, known only from Mt. Sinai. 

0. indieoideSy var. nov. 

Exsicc Bornmuller, Iter Persico-Turcicum, 18il2-3, No. 9, Persia australis 
(Farsistan), ut F. parviflora^ transiens ad F, segetalem, Hamm. I Bagdad, 
Samaur, (ex Herb. Schiifli) in Hb. Kew^! Russell, Aleppo, in Hb. Mus. 
Brit.! 
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Planta internodis longis robtista, suberecta vel diffusa. Fplia glauoa, 
Umniu Unearihus vel oblongo-linearibus, brevitisculis, acutiusculis, canalicu** 
lati8« Racemi etiam floriferi hand densi ; bracteae pedicellos crassos breves 
(otrca 1*5 mm. longo*^) plane superantes. Sepala 1-1*5 mm. longa, subrotundo- 
ovata, acuminata, dentata. Corolla vix 5 mm. longa, dilute rosea i petali 
svperioris alls latis omnino roseis ; petalomm inteviorum apire viridivsculo 
potius quam purpureo. Fructils 2-2*25 mm. longi et lati, suhrotundo^ohomti^ 
ohtumdmi, obscure brevissimo apieulati, praeserfciin apioom versus conspicue 
earinatiy in sicco apieis foveolis obscuris rugosi. 

Ha 3 c varietas per flores sine apico atropurpureo obscure roseos et per 
fructfts majores obtusissimos apioem versus conspicue earinatos a F. parvi^ 
Hora aliis forniis sepnranda est ot transituiji ad F. mdicam donotare videtur, 
sed foiiorum lacinia* breviore^, racemi aubsessiles et prsesertim corolla 
brevier alia pateutibu® calcareqno rotundato adscendente pra>dita ejus cum 
F, parviflord propinquitatom certissime monstrant. 

An example in Herb. Mus. Brit. (Hau^^skneebt, Iter Orient, Scbiras, ut 
F, parvijiora !), with small rosy-white flowers and obscure sepals, seems inter¬ 
mediate between this variety and S. persica, 

HammarN variety serf et alts (Mon. p. 17), distinguished by sepals one 
fourth as long as the corolla and as broad as its tube, has been shown under 
F. Reuteri to belong to that species and not to F. parciffora. 

Haussknedit, who does not seem to ha\(‘ seen Lunge’s specimen on which 
this variety was founded, regards it as a form of true F. parvifioray and 
cites for it several fresh exsiccata, of which those from Segura de la Sierra, 
Murcia, and from Aintab ha^e been examined, and are found to resemble 
closely Clavaud's variety 

The original specimens of F. caspitohay Loscos (Losf»os, Series Exsicc. 
FI. Aragon, Centuria i)rinui, No. 2) are nd'erred h} Haussknecht in Oesterr. 
Bot. Zeit, xxvii, p. 50 (1877), to F, parvijiora f. etecta, llaussk. This plant 
is admitted as a distinct species in Willkomm & Lange’s FI Hispanica, iii. 
p. 884, but in their Supplement (p. 311) it is reduced to a variety of F, 
Vaillaritii with the remark ‘"vix varietas dicenda.’^ The example in Herb. 
C. Bailey is an early-flo\\(‘ring form of F, paiNjioray ])robably identical 
with the material seen by Haussknecht, but as already noticed under 
F^ Schrammh^ the specimens in Herb. Boissier and Herb. Zurich are quite 
different, so that some confusion presumably occurred among the plants sent 
out under this name. The original descri()tion by Loscos and by Willkomm 
& Lange point, on the whole, to a form of F. Vaillantii, 

Another plant allied to F. parvijiora is F. hahatiy Battandier & Trabut, 
FI. de TAlg^rie, i. 29 (1888), of which no material has been seen. It is 
described as follows;— 

Fumaria verisimiliter annua caulibus curtis robustis. Folia inferiora 
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multa, conferta, angusta, oblonga, laciniis curtis lanceolatis paulo latis baud 
canaliculatis praedita, eis sectionis Petrocapnos quarumdam specierum 
similia ; folia superiora ut in F, parviftonL Flores satis inagni, 6 mm. longi, 
albi ; sepala lata. Fructfts niagni, obtusi, apiculati. Habitat in provincia 
Oran Algerian 

A further variety of established as ^S. macrovarpa in J. Perez 

Lara’s Flonila Gaditana, pars 5, p. 64, in Anales de Hist. Nat. Soc. Espagn. 
(1898), is said to have rosy flowers and fruits two or three times as large as 
in the type. 

Like F. Vailhmtii, F.parviflora is one of the most wddely spread members 
of the genus, having a somewhat similar range extending from Spain across 
Europe to Afghanistan and Peloochistan. It is clearly, however, a more 
southern species and one more impatient of cold. In Euroj)e it is commonest 
in the Mediterranean region, and does not occur so far to the north and east 
as F. Vaillantiij being little known in Russia except in the Grimea 
(Herb. Pallas). Slmilarl}^ in Asia it is absent from the districts between the 
(/aspian and Mongolia, where F. Scldeicheri^ F, Vaillanfiiy and F. Schrammii 
have all been found. On the other hand, it is known from all the countries 
of North Africa from Morocco to Egypt, as well as from the Ganaries. 

The commonest form of this polymorphic plant is no doubt the s[)ecific 
type, varying considerably in the form of its fruit and connected with most 
of the varieties by numerous intermediate forms. This occurs from the 
Canaries, Morocco and Sj)ain eastwards t,o Syria and Mesopotamia. The 
variety SiJinei is known from Britain and Spain, and j)robab]y grows 
elsewdiere ; var. acvminata is mostly a plant of Western Euro]>e, hut has been 
collected also in Asia Minor; var. glanca is pre-eminently a Mediterranean 
form, growing on the African as well as the European side and extending 
into Syria and Persia. Haussknecht’s varieties lathecia and sinaitica are 
both Arabian forms, probably collected in natural habitats, and examples 
which he obtained in the desert near Bagdad seem almost identical with var, 
latisecta^ wdiich Haussknecht records also for Dalmatia. The two remaining 
varieties, both characterized by very obtuse fruits though dissimilar in other 
respects, are the most (‘astern forms of the species. The variety persica 
appears to be a prevalent form in Persia, growing also in Beloocliistan, Syria, 
and the Taurus Mts, ; var. indicoides^ which is presumably a rarer form, 
ranges, so far as is known, from Syria across Mesopotamia to Southern 
Persia, 
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RUPICAPNOS. 

Mujpieapnos^ PomeJ, Mat. FI. Atlant. 16 (1 860); Nouv. Mat. FI. Atlant. i. 240 
(1874). Fumaria sect. Fetrorapnos, Cosson & Duriea in Bull. Soc. Bot. 
France, ii. 805 (1855) ; Willkomm & Lange, FI. Hisp. iii. 878 (1880); 
Oos8on, (Wp. FI. Atlant. ii. 80 (1888-1887). 

FlantBb perennes caudice decumbente caulihus<pte hrevissimis aut rariiis annnw 
nancp caule suberecto brevissime ramose. Folia in speciebus perennibus 
pleraqud subradicalia, in omnibus semper longe petiolatn, foUolis hreviter 
petiolatis vel subsessilibus 1-2-pinnatisectis vel inciso-flabellatis irregulariter 
pinnata (JR. mnncarid except^) ; segmenta secundaria decurrentia ; petioli 
nunquam eirrhosi. Inforescentia pedicellis fructiferis gracilibus elongatis 
tandem deflexis racemoso^corgmbifomiis. Bractese pedieolHs fructiferis 
multoties breviores. Corolla U7?i- rel inn quo bicaharata; petalorum ox- 
teriorum margines apicem versus in statu jnvenili jam miilto explicati ut in 
genera Sarcocapnos ; petalum superius subplanum potius qnani semi-cylin- 
dricum, calcaratum, superne gibbum format qui apicem vix attingit ot 
margines ssepissime patentes in limbum latum interdum dilatatos nunquam 
piirpureos hahet sed non alas in jugnm laterale prodvctas ; petalnm inferms 
inferne gibbum apicem vix attingentem marginibus patentibus circumdatum 
formans siepe basi ipsa hreviter calcaratum vel saccatiim fit; petalorum 
interxorum nervus medius apicem versus ssepo con&picue alatus est. Floris 
characteres reliqui ut in genere Fumaria. Frm tus monospermus, indeb scens, 
nuoiformis, semper mucronatus vel rostratus sed hand apiee bifoteolafus 
(gine rimis in inesocarpio) est; exocarpium tuberculis rugosum ; endoiarpium 
omnino ad mesovarpium adhwrens ; setnen apice rotundatnm vel paulo depressum, 
sine rug& longk infra micropylam. 

Perennial, or more rarely annual plants, always with short stems, growing 
in rock-clefts. Inflorescence corymbiform with pedicels which lengthen in 
fruit and become deflexed so as to carry the seeds to the cavities of the rocks 
on which the plants grow. Lower petal often shortly spurred. Fruit 
without apical pits. 

In the perennial species of Rupicap^ios the root is quickly elongated and 
the leaves are at first all radical, forming a clo‘‘e tuft. After the first year, 
the plant develops a thick, branched, decumbent rootstock, from which arise 
very short, branched steins, bearing long-petioled leaves and subterminal 
corymbiform racemes. The foliage is usually less decompound than in 
Fumaria^ and the leaf-segments are much more shortly petioled and more 
decurrent, the secondary petioles never being cirrhose. The flower-buds Of all 
the species resemble those of the genus Sarcocapnos rather than Fumaria^ 
leaving well developed margins to the two outer petals, while the spur of the 
upper one is very small. This spur, as seen in peifectly developed flowers, 
varies greatly in different species and is of importance for affording specific 
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characters, but in shade-grown plants of some species it does not always 
attain its normal development. So far as can he judged from the limited 
material examined, the corolla is more uniform in the species of this genus 
than in Fumaria^ and shows little tendency to cleistogamy. 

CONSPECTUS OF SPECIES. 

Section I. MUEICABIA. 

Suberect annual plants with cauline lea\ es and few-flowered racemes. Flowers small or 
rather so, 4-8 mm. long, white; outer petals rarely dilated apically into a spreading, sub- 
orbicular limb, little longer than the inner petals, which are tipped with dark purple. Fruit 
very large, or at least of moderate size. 

* Leaves 2-tri8ect. liacemes subsessile. 

1. i?. muricaria. Flowers 7-8 mm. long; lower petal spathulate Fruit very large, sub¬ 

rotund, marginally uiuricate, with long, large beak, 

** Leaves 2 piunatisect. liacemes peduncled, 

2. i?. delicatula. Leaves with multifid leaflets, blowers 4 inm. long \ outer petals 

apically dilated. Fruit subglobose, muricate, apiculate, 

«1. E. lonyipeff. Leaves deltoid, blowers 6-8 mm. long; lower petal dilated into a 

Buborbicular limb. Fruit very large, subrh'^mboid, muricate, with 
large, broad beak. Pedicels very long, 

4. R, ptreetermisia. Leaves deltoid. Flowers 0-7 mm. long; lower petal spathulate. 

Fruit rather large, ovate-elliptical, finely rugose, with compressed 
beak. 

6, i?. sublofvis. Leaves oval, with closer leaflets. Flowers . . . Fruit of moderate 
size, narrowly obovate, finely rugose, wdth small beak. 

Section II. SARCOCAPNOIDES. 

Decumbent perennial plants with quinate-pinnate, mostly subradical leaves and many- 
flowered racemes. Flowers small or rather so, 4-10 mm. long; outer petals each apically 
dilated into a spreading, suborbicular limb, distinctly longer and broader than the inner 
petals, which are tipped with dark purple. Fruit sjuall- 

6. i2. sarcocaptioidea. Lobes of leaflets elliptical. Flowers 4—mm. long, white; lower 

petal not saccate. 

7. R. Reboudiana, Lobes of leaflets cuneiform. Flowers 9 10 mm, long, rosy-white 

lower petal saccate. 

Section III. TEIPTERYX. 

Decumbent perennial plants with 2-3-pinnatiseQt, mostly subradical leaves and iiiany- 
fiowered racemes. Flowers small or rather so, 4-10 mm. long, whitish and more or less 
tinted with yellow: outer petals more or less apically dilated into spreading, suborbicular 
limbs, little longer than the inner petals, which are conspicuously winged and at most 
obscurely tipped with dark purple. Fruit small to ratber large. 

* Flowers 4-5 mm. long; lower petal not saccate. 

I Lower petal gradually dilated apically. 

8. J2. mimidiea* Leaves subdeltoid with remote leaflets. Spur of upper ))etal very 

small, straight. Fruit oblong-obovate. 
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9, M. CoB$mii, Leaves oval with closer leaflets. Spur of upper petal rather large, 
curved. Fruit suhrotuud-obovate. 

! I Lower petal more abruptly dilated apically; spur of upper petal moderate. 
lO. M, tenuifolia, I^eaves oblong, with finely cut leaflets. Wings of inner petals not 
exceeding outer petals. Fruit subrotund. 

13, Mmimt-flaiahfP, Leaves subdeltoid, with remote, cuneiform segments. Wings of inner 
petals much exceeding outer petals. Fruit elliptical. 

** Flowers 6 10 mm. long; lower petal subsaccate. 

V2. Jt, erosa. l^eaves oblong; leaflets with broad segments. Spur of upper petal 

rather long. Fruit subi'otund, sometimes rather large. 

Sbotiot^ IV. CALLIANTHOS. 

Decumbent perennial plants, usually larger than those of the other sections, with 
2~fl-pinnali6ect, mostly subradical leaves and many-flowered racemes. Flowers large, 
12-16 T) min. long,white or pale purple; outer petals never apically dilated into a s]>reading, 
suborbiciilar limb, little exceeding the inner petals, which are tipped with dark purple; 
lower petal saccate. Fruit very large to moderate in size. 


Subsection AFHICAN/K. 


Lobes of leaf-segments relatively nairow. Flowers white. 


18. It, africana, 

14. K. decipiens. 

15. It. platycentra, 
10. It, cerefolia. 
17. R, epechsa. 


Leaves subdeltoid, with narrowly oblong lubes. Sepals ovate- 
lanceolate. Spur of upper petal very long. Fruit of moderate 
size, obovate-elliptic, shortly inucronate. 

Leaves deltoid, with subelliptical lobes. Sepals oval. Spur rather 
long. Fruit very large, obovate, shortly inucronate. 

Leaves deeply divided, with small, obovate lobes. Sepals oibiculoi*. 

Spur rather long. Fruit . , . oval-elliptic. 

Leaves more decompound, with small, narrow lobes. Sepals ovate- 
lanceolate. Spur long. Fruit of moderate size, elliptic, acuminate. 
Leaves with broadly oblong lobes. Sepals orbicular. Spur short. 
Fruit . . . lanceolate-obovnte, long-mucronate. 


Subsection POMELIANJE. 

Lobes of leaf-segments broad. Flowers pale purple. 

18. It, lomvliana. Leaf-segments siibimbricate, with rounded lobes. Sepals orbicular. 

Spur very short. Fruit rather large, Biibrotund-K>bovate. 

10. R. oramneis. Leaf-segments with broad lobes but not imbricate. Sepals small, 
ovate. Spur long. Fruit large, oval* obovate. 

20. R, ochracea. Leaf-segments not imbiicate, with small, obovate lobes. Sepals 
small, lanceolate. Corolla smaller, with long spur. Fruit narrow, 
oblong. 


SBcnoL MUlllCAltlA, 

PlantffB annuoe, suberoctfio. Hacemi pauciflori. Flores parvuli, rarias 
parvi, 4-8 lonu longi, albi; petalis exterioribus cjuain interiora ssepius fore 
recta apice plane alata atropurpurea vix lougioribus, marginibus eoruin 
apice subpatentibns nortnuiKjuaui in limbos suborbiculares dilatatis; f-tyhis 
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malleiformis lobis (livuricnti^ (an S6ini)er ?). Fructiis niaviini ad inodici, 
sfppius valde coinpressi, periearpio qiiiini in sectionibiis sequent!bu*< 
verisiniiliter tenuiore prjediti. 

1. Hupicapnos MnaCARiA, I^)meI, Noiiv. Mat. FI. Arlant. i. 215(1874). 

Fumaria mnrivaria^ B.itt. A Trabiit, FI. (TAIoer. i. 2i) (1<S88). 

(P1.14,fio.l.) 

Kxsirc. Oheva]li<M*, 1*1. Sahara? Al^er. 1902, No. .‘V.)7, Olianiaia, ut Ftniutvia 
lomfipes ! 

Hupicapno?, ut videtur, annua, radiee lonoA et caulo sulxu’octo (4-8 cm. 
alto) hrevissimc ramoso f)ra*dita. (’otyledoiies in statu foliaceo niaxinifo, 
circa 4 cm. loii^jc, linc.iri-oldanccolatjc, tcnmtcr ncuminatjc, din persistentes. 
Folia caulina baud cras^u, omnia lon^issimc petiolata, cum pctiolo 5-7*5 cm. 
lon^a, (h'hoidea^ foliolis siil)lrifidis lon^iuscule pctiolatis ct mentis 
secniidariis in lanuias jtnrrus ohJonoas tul htoreohtias lon^c miicronatas vel 
/crc anMaias irrcoidaritcr multibdi'^ tvisorta, Ixaaoiti (‘orymbirorim's, patrr!^ 
(2-5-)y/o/v, brcNissimc pcclunculati vfd mhsesnle.s^ j)hf,s (h(i>lo fnrriores. 
Ihvri('(t 1-2 mm. lon^a\ suhnlat(i\ teiniit(M’ acuminata* ; /x'dicrlli /riKiiferi 
dlif(»')nes^ apioc > i\ incrassati, flexuosi, m/15 inm» lon(ji, Se/xthi parvn^ 
circa I nun, /ouf/a, \)-i\ atm, lata, oruta vel lanceolata, a i\ [adtala, acuta, 
jxicc** deniala \el sul)inte^ra, albida. Corolla 7-8 mm. lonpa. ju'ader carinas 
virides all/(( vel l<‘\iier roseo-tincta ; petalo saperiore api(‘e mar;i>inil)us 
latiusculis subpatentilnis ((upasfe ohlonpo^ trancato obtusissimo \cl etiam retuso, 
calcarc gracili longo dctlexo, [neetario tlexuoso lonoissimo ap. Pomcl] ; 
petalo infcriore apice maroinibus latiusculis patenlibiis .\pai/fulafo. ohfusinisiow^ 
ia^/verisiniiliter ohscvre meca^o; petaHa iateciorilms paulo surscmi curvalis 
apice plane alafis atropurpurcis. Stylub mallciformis. Frnctns mUivimi, sine 
rostro 2*75-5 mm. lon^i et 5-5*25 mm. lati, sah rotund I *«(*d latiores ((uam 
longi, cum rostro tnapno 1*5-2 mm. lon^o quudrai»^ulato-.s//6c/a/(> ohlusissimi 
et inferne subtnincati, Aalde compressi et acute carinati, periearpio satis 
tenui prrediti, in sicco (sine uj)icis foveolis) carinam cersjis ^ubreo;ulariter 
|>rosse et acute tiiberculato-ru^osi vel mnricati^ ini'va rostium et ad rrimtus 
modiiun \\x tuberoulati. 

Hfoc Rupicapnos distinctissima per folia trisecta, per racemos corymbi¬ 
formes subsessiles paucifloros et pnesertim per fructiis maximos gro.sse 
rostratos carinam versus muricatos ab generis omnibus aliis speciebus facile 
dignoscitur. 

R. mnricaria Metlili (ap. l^omel;, dliardaiam et forsan alios locos in 
regione Sabane Algeriensis habitat, ubi in fissuris ruj>ium crescit. 

This species is unique in the genus on account of its tris<*ct l(*aves, its 
siibsessile, 2-5-flowcred corymbs, and its very large, long-beaked fruits, 
muricate only towards their margins. Chevallier^s exsiccata, which form the 
basis of the foregoing description and from which the accompanying plate is 

2 D 2 



mi 


MR. H. W. PUGSLBY t A REVISION OF THE 


dmwti^ wer# presumably referred to Fumaria longipes, C^osson, owing to that 
plant being originally described as an annual with somewhat similar flovxers. 
Tbeir agreement with the account of R,mnrmiria furni'^hed by Pomel is 
nnmistakeable. 

[2m Rupioapnos delicatula, Pomel, Nouv. Mat. FI. Atlant, i. 24(5 (1874) ; 
n. Fumaria delicatula^ Ilatt. & Trabut, FI. d’Alger, i, 2(1 (1888). 

Rupicapnos annua. Folia fo/iolis mulfijiJis in lohos ssepins parvos ohovatos 
vel oblongos, obtusos vel subacuto<^, divaricates fissis verisimiliter 2-piima- 
tiseeta. Racemi corj mbiformes, breves sed f/oribus phmlnts quam in 
Rm muriearid prccditi. Bractea lanceolata^ aowminaiad; pedicelli eapillaresM 
apieo incrassati. Sepala lanceolata, deniiculata. CoioUa miuimoM 4 mnu 
longa^ alhida ; petalis extenorUnis apiee dilataiu^ ralrare superioris hrerissimo 
recto paululum attenuate; nectario brevi^^simo : petalis inteiioribus, ut 
videtnr, apice purpu^’eis. Fructtls suhglohosi, leviter aqnculati, paruin coin- 
pressi, siccitate acute tuberculato-rugosi vel murieati. 

/2. delimtula rupes calciferas ad Ksar-el-Maiam Algeria^ australis habitat. 

This plant appears to differ considerably from the other known annual 
species, and some of its features recall R. tenuifolia. Judging from Pomel’s 
knowledge of these plants, however, it is unlikely that he would have 
confused it with a perennial species, allhough hi-^ diagnosis makes no mention 
of its different habit; and the species has tlierefore been provisionally 
adopted.] 

Ik Rupicapnos longipbs, Pomel, Mat. FI. Atlant. 1(5 (1860) ; Nouv. Mat. 
FI. Atlant. i. 245 (1874). Fvmaria lomjipes^ Coss. & I)ur. in 
Bull. Hoc. Bot. Fr. ii. ;J05 (1855); Batt. k Trabut, FI. d^Alger, i. 26 
(1888) ; F. numidtva Aar. louffipes, (^os«i. Comp. FI. Atlant, ii. 82 
(1883-1887). (PI. 15, fig. 1.) 

Easier, Ikilansa, PI. d’Algerie, 1853, Mnechounes, near Biskra, in Hb. 
Mus. Paris (partim), ut F, longipts ! 

Uupicapno«i^ ut lidetur, annua, radice longa et caule suberecto (5—10 cm. 
alto) brevissinie lainoso prmdim. Folia caiilina, baud crassa, omnia 
longe petiolata, cum petiolo 5-12 cm. longa, deltoidea, foliolis infimis 
breviter petiolatis, reliquis subsessilibus, et segmentis seeundariis in /ac/- 
nias lauceolatasve acatas irregulariter fissis 2^pinnaiiseeta suhqnhiata^ 

vel primaria simpliciora pinnata. Racemi corynibiformes, />fi?/6*i-(3-8-) 
/for/, cum peduncuto (ad 35 mm. longo) foliis multo hreviores^ Sractece 
1-2 mm. longa?, ovules, acutse, mhintefrvBe ; pedicelli frvetiferi fere Jili-- 
formes, apice incrassati. fiexuosi, longissimi {usqve ad 60 mm. longi), 
Stpdla cireo 2 mm, longa, 1 mm. laia, ovalia, peltata, acuta, subintegra 
val leviter crenato-dentata, nervo dorsali viridiusculo alba. Corolla 
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6*^8 mm, lonya^ alba ; peialo sttperiore apice marjrinibus latis subpatentibiis 
ultra oarinaB apiceui productis ohovato^ohlongo^ tnincato vel retuso, 
caring crassft, viridi vel purpurascente, calcare longtusculo deflexo; 
petalo inferiore (quam super!us latiore) apice margiinhus latis patent!bus in 
limbum sifhorUcnlarem obtusissimum vel retusuin abrupte dilatatis et carina 
viridi praedito, bast svbsaecato ; petaVts interioribus fere rectis apice plane 
alatis atropnrpureis, Frurtds majrimi^ s!ne rostro 3 5 inin. longi, 3 inin. lat!, 
stihrhomboideij cum rostro magno (1 iiini. loiigo), latissimo^ str!ato, quadrangii- 
lato, conipresso snbacufi ot inferne attenuati, eonspicue coinpressi ei acute 
carinati, pericarpio satis tenu! prjcditi, siccitate prater rostrum omniiio 
grosse et acute tuberculato-rugos! vel muricati, 

R, longipes in fissuris unibrosis rupium ad Mnecbouncs, prope Biskrain^ ad 
Elkantarain (Cosson) et in Montium Aurasioruin regione inontanft inferiore 
prope Beni Souik (Cosson) in provineiA Constauitina Algeria* invenitur. 

This species was originally described by Cosson & Durieu (/. f.) as a 
and w'as founded on exsiccata collected by Balunsa near Biskra and 
by (;rallerand near Beni Souik, both in the southern part of the province of 
Constantine. The annual nature of the plant and its floral characters were 
defined in the original description, but no mention was made of its peculiar 
fruit ; and later, in the Compendium, it was reduced by Cosson to a variety 
of his perennial F, mnnidica, Poinel admitted it as a species, although the 
actual plant was unknown to him. 

The sheet of Balansa’s Bibkra plant named Fumaria longipes in Herb. 
Mus, Paris contains four specimens, tvNO of which agree with (^o&son's 
diagiiOisis, so far as it goes, and j>osse8s the remarkable fruit desciibed above. 
From these th^ foregoing de>ciiption and the accompanying figure ha>e 
been taken. The other two s{)ecimens, which are not alike, possess some¬ 
what similar foliage but are clearly shown by their widely diflerent fruits to 
be specifically distinct. These are separated under the names of J\, prater- 
missa and R, subla ris, 

4. Kupicapnos pkactermissa, sp. nov. (PI. 14, fig. 2.) 

E^vsicc* Balansa, PI, d*Alger. 1853, Mnechounes, near Biskra, in Hb. 
Mus. Paris (partim), ut Fumaria longipes ! 

Rupicapuos annua, habitu folitsgue R, longipedis sed, ut videtur, planta 
minor. Racemi corymbiformes,^?anfi-(:5-5-)/eW, cum pedunculo (sub-20 mm. 
longo) foliis plus duplo breviores. Bractew 1-1*5 mm. longse, ollo?iga\, 
apice truncatse stepius tridentatse ; peificelll fntrtiferi Jiliformesiipico \rdu\a\nm 
incrassati, flexuosi, usrpt^ ad 30 mm, longi, Sepala circa 1 mm, longa, *75 mm, 
latUy suhorbiculariaf peltata, siibacutii, irregulariter rrenalo^diufata, alba. 
Corolla (5-7 mm, longa, alba ; jtetalo superiore apice marginibus latiuseulis 
subpatentibus ohlongo^ truncato einarginatove, cariiia crassa purpurascente, 
calcare gracili deflexo; petalo in/more apice marginibus latiusculis 
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]>$tt6ntibus sjHithuldto, ohtusissimo vel retuso, cjarina viridi prwdito, bmi 
veridmilitor mihmrcafo ; petalis interionbu*s fero reel is a pice modice alatis 
(itfVpurjH( 7 *fi,s, Frudds majitscnli^ cum rosiro .‘J mm, lougi, 2-2'2*) mm. lati, 
owtih-elliptici, sjiperae in rosirum latiusculum comprossum Mugustati suharuti, 
lnforno abrupte angustati (baud atteiinati)^ ^al<le eomprc'^si et acute carinati, 
aiccitate omuino hibevculaio-nujulosf. 

Ha*c • 5 ])oclos R. hmiipedi plane afiinis e-^t, sed per pedicellos fnictiferos 
Mibduplo bre\ lores cum braedeis truncatis, per sepala minora magis dentata, 
l)er corollas angnstioros et per friictus subduplo miiiores, beviores, inferiie 
haml atienuatos satis differt. 

H, jiratermhm in fissuris unibrosis rupium ad Miiechounes prope Biskraiii, 
in provincia Constantina Algerias iibi ciim R.lonpipede crescit, a cl. Balansa 
inventa est. 

This rare and obscure plant luts been described and figured from the 
single specimen included in Balansa'^ sheet of Fnmaria lottffipet^ in Herb. 
Mus. Baris, io which reference has already been made. Its points of 
distinction from li lon<iijie.s were apparentlyo\erlooked both b} Balansa and 
by (5osson, o>\ing probably to the similarity of its foliage and the incon- 
fepicuous nature of its few-flowered clusters of small, pale flowers. It 
appears to posse&.«5, lK)we\er, a number ot minor ditteiences in addition to 
the widely diNorgent finit. 

5. Ill PJCAThOS si ULiLMs, sp. lun . (IM. 15, tig. 2 .) 

Fxsivv, Balansa, Bl. d'Alger. ISo.*), Mnechonn(‘s, neai Biskra,in 111), Mils. 
Baris (jiaitim), ut Ftnua^^Hi lomjipes ! 

]lnpica))nos verisimiliter annna, canle ^ubereeto (eiiea *1 cm. alto) 
brevissinu' lainoso pnedita. Foha ])leia(pie caiilina, baud crassn, longe 
petiolata, cum petiolo subalato 4~fl cm. longu, cru/m tel snbdeltoidea, foliolis 
infimis subpeliolatis relitjuis sessilibiis omnibus ])aul() confeitis, et segment is 
secundariis in luciuias lanceolalas acuta,s iiiegiilaiiler iis^is J-pinnalUeda 
subqxiinaUi. Jiacetui corjnibitorme.s, /An/, cum j)e(lunculo (ad 

15 mm, louoo)/obis subduplo breviores. Jhaefett longie, obbnuja, 

acutm, interdum apice spaisim dentata; : jwdmlb fruili/en filijonnes apice 
incrassati, flexiio'^i, usifue ad 4t) m/a, lou(n, Floies baud \isi. Fruit us 
modicb cum rostro d mm, longi, BTo-^ nun. lati, auyusie oboratf, superne in 
rostiiim parMilnni bretiter angnstati, subuiuft. interne iniilto attenuiiti, satis 
compress! ot plane carinati, siccitute htfra fvslruxn omniiio levitcr luberatlaio-^ 
rugulosu 

Hfcc Species, cujus flores non visi sunt, babitu ad U. hnyipedem accedit 
sed folia ut in R. i 'ossonii fissa et fructus riigulosos modicos nec inaximos 
iiioustrat. R. pratex^missa pedicellis brevioribus, l/racteia truncatis, 
ftiictibus magis compre'^sis oa ato-ellipticis potiiiis. (pmm obovutis etiani 
differt. 
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R, Bubhvms in fissuris rupiiim ad Mneclioinies propo Biskram in j)rovinciA 
^vonstantinft Algeria3, iihi cum H. lonyipede ot R, prwterniissd crescih 
invenitur. 

Tbo diagno^ifi of this rare plant is taken from tlie solitary example on 
Balansii^s sheet of Fumaria longipes in Herb. Mus. Paris, which unfortunately 
now shows no flowers. Excoj)t for the slightly winged ])etioles, its foliage 
bears a resemblance to that of/t*. FosbohH rather than lonf/ipes, ixm\ iU 
narrow, finely rugose fruit is very distinct. 


Sbctio II. SAECOCAPXOII)E8. 

Planhe perennes, deciimbentes. Bacemi muUitlori, Flores parvi vel 
[uirMili, 4-10 mm. longi, albi vel ros(H)-albidi ; petalis exterioribus (juam 
interiora fere recta apice modice alata atropurpurea conspieiie longioribus et 
latioribus, in limbos patentee su})orbiculares apice dilatatis ut in gem*re 
Sarcocapnos ; stylus fer^ malleiforinis lobis ciirvatis subpalentibiis. Fructus 
parvi. 

(), Ui PiCAPNos SAUCOCAPKOIDKS, Pomcl, Mut. FI. Atlant. 10 (1800) ; Mouv. 
Mat. FI. Atlant. i. 245 (1874). Finnarla sarcocapnoides^ CJoss. & Dur. 
in Bull. Soc. Bot. Fr. ii. 300 (18551 ; F, xiuniidiai snbvar. sarco^ 
capnoldes^ ( ^oss, Cotnp. FI. Atlant. ii. 82 (1883-18871. (PI. 16 .) 

Fvsicf, Balansa, PI. dAig<*r. 1853, No. 0‘.t5, in HI). Mus. Paris (partim), 
ut Ftnnuria rorf/niOoi^a ! 

Rupicapnos perennis sed jirobabiliter a prime anno florens, caudice bre\ i 
crassiusculo ramo.so decumbente et caulibus bre\i^^imis pneilitji. Folia 
pleraque subradicalia, i)lus ininiis\e glauca, baud cra&si, 0-10 cm. longa 
(petiole incluso), longe petiolata, oUoiujo^delloidva^ foliolis brexjter petiolatis 
trifido-Habellati.s et segmentis .secundaiiis in lohos oldoiojo^idlipticon stfbacittoB 
irregulariter fissi <5 (pdnato^idnuatu, Ractutd corymbiformes, circa JO-ft^yri^ 
B(vpe furcati^ cum peduuculo gruciii folus Bubdujdo brcviores, lJracie(r circa 
1*5 mm. longa3, late ovales^ cuspidatse, apice dentatte ; pedicelh frucli/eri 
capillares apice ])aululum incrassati flexuosi, infimi itsijue ad 25 tnoi, loiuji* 
ISepala circa 1 aim, lo/aju^ *75 mm. lata, late oruta vel suboi’bicularia, pellata, 
acuta, denlata, alba. RoroUa minima^ 4-5 mnu carini'^ crassis viridibus 
alba ; peialift e.rterioribus qaam inleriora inuito (saltern 1 min.) longioribus et 
latioribus^ superiore marginibus latissiinis patentibus ultra carimc apicein 
productis a])ice in limbum magnum suborhic ala rent vel stcpius obcordatam 
dilatato^ calcare brevi (1 mm. longo) obovuto recto ; inferiore^ ut superius, 
apice in limbtnn patentein suborbicularem ddafafo, hasi hand saccato ; /fetalis 
interioidbus rectis apice plane dilatatis modice alalia atro/yar/fureia. Stylus 
fere malleiforinis lobis curvatis subpatentibiis. Fruclds parvi, sine mucrone 
circa 2 mm. longi et 1*5 luni, lati, oblongo’-obovafi, cam mucrone brevi ohtiisi 
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^ infertie multo angustati, satis compressi et plane carinati, siocitate omnino 
imnMt iuherculato^rugulosi. 

Hiec species distinctissima per petala exteriora interioribus longinsoule 
longiora et latiora aflSnitateni conspicnam cum genere Sarcocaptios monstrat 
sed fnictnm inonospermum tuberculatum generis Rupicapnos habet« 

R, sarcoraprioides regionem montanam Algeriae australis in provinciA 
ConstantinA (Djebel Tougour prope Batuam) habitat^ ubi in fissuris rupium 
crescit. 

This plant was originally described by Cosson in 1855 from a specimen 
observed among the exsiccata sent out by Balansa under the number 995 
and otlierwise referred to Fumaria numidica^ Cosson noting that the plant 
constitutes a true passage between the genera Fvmaria and Sarcocapnos 
owing to the form of its corolla. Later, however, in lllustr. FI. Atlant. i. 15 
(1882), (Josson remarks that F. sarcocapnoides appears to be a shade-form 
only of F. numidica^ adding that shade-forms of Sarcocapnos similarly 
deviate from the type; and in the Oompondium it becomes a sul)-variety of 
F, numidica. It is not easy to understand how shade-conditions could 
transform the corolla-characters of nmnidica into those of sarcocaprioides^ 
developing the margins of the outer petals while rendering depauperate the 
wings of the inner ones, and as moreover it is not only in their flowers that 
the two plants differ, the earlier view of Cosson is here followed. 

JB. sarcocapnoides seems to be a very rare plant, and it is not known to have 
]^en collected except by Balansa, from whose specimen at Paris the above 
diagnosis is biken and the accompanying figure drawn. It was unknown 
to Pomel, who adopted the species from Cosson. 

[7. Bupicapnos Reboi^diana, Pomol, Nouv. Mat. FI. Atlant. fuse. ii. 379 
(1876) ; 11 . \« Fximana llehoudiana^ Batt. & Trabuf, FI. d^Alger. i. 26 
(1888)- 

Rupicapnos perennis, fragilis, R. sarcocapnoidi affinis. Folia viridia, 
foliolis in segmtnta cuneiformia vel oblonga, obtusa fissis guinato^pinnata. 
Bractew oblong(r ; pedicelli apice incnissati. Sepala ohovafa vel suborbicularia, 
ralde dentata. Corolla 9-10 mm, longa^ roseo-albida ; petalis exterioribus 
marginibus latis patentibus in limbos sulH>rbiculares retusos dilatatis^ superioris 
caicare obovato longiusculoy inferioris basi valde saccatd; petalis interioribus 
apice airopurpureis baud cmispicne alatis, Fmelds parvi^ ohovati^ bremter 
muermati^ in sicco tubercuhdo^rugosu 

JB. Reboudiana rupes ad Bou-Tuleb (Reboud) Algeriae australis habitat. 

This plant appears distinct from PomePs brief description, and is retained 
as a species although no material of it has been seen. It is evidently, as 
sta<)ed by Pomel, a relatively large-flowered ally of R, sarcocapnoides.^ 
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Sbotio III. TEIPTEEYX. 

Plaiita) perennes decumbentes. Racemi niultiflori. Flores ])arvi vel 
parvuli, 4~10 min. longi, albidi, plus miniisve luteo-tineti; petalis exterioribus 
quaiii interiora fere recta apice ut interdum exteriora superant conspicue 
alata, baud atropurjmrea (nisi interne vel brevissime ad apicein ipsum) vix 
longioribus, inarginibus eorum apice patentibus sa 3 pe in limbos suborliiculares 
dilatatis; stylus fureaeformis lobis adscendentibus. Fructiis parvi ad 
majusculi. 

8. Rupicapnos Ni’MimcA, Pomel, Mat. FI. Atlani. ir> (1880), ex parte; 
Nouv. Mat. FI. Atlant. i. 243 (1874). Fvmaria ninnidica^ Coss. & 
Dur. in Bull. Soc. Bot. Fr. ii. 300 (1855), ex parte; Coss. 
Illustr. FI. Atlant. i. 15 (1882), ex parte; Comp. FI. Atlant. ii. 81 
(1883-1887), ex parte ; Batt. & Trabut, FI. d’Alger. i. 25 (1888), ex 
parte. (PI. 9 , fig. 0.) 

Exsicc, Cosson, (^onstantine, 1853, in Hb. Mus. Paris, ut b\ numidieal 
Clioulette, Fragin. FI. Alger. C’onstantine, 1855, in Hb. Kew, ut F, numidica ! 
Soc. Dauph. No. 285, Constantine, 1874, Dr. Reboud ! 

Rupicapnos pcrennis sed interdum a primo anno florens, caudice brovi 
crassiusculo ramoso documbente tandem vestigiis petiolorum emarcidoruni 
donato et caulibus brevissiinis priedita. FoVut pleraqne subradicalia, crassius- 
cula, glaucescentia, 6-15 (raro ad 25) cm. longa (petiole incluso), longe 
petiolata, suhdeltoidea, foliolis 2-3-paribuh baud confertis breviter petiolatis 
et segnientis secundariis in lactnias satis reinotas oblongas vel cuneatas 
obtusas ssepo leviter mucronatas irregulariter fissis i^h-j^pinnatlsevta, Racemi 
corymbiformes, densi, /uMfti-(20-30-)//ori, breviusculi, cum pedunculo (ad 
4 cm. longo) foliis saltern suhdnplo hreriores. Bractetv 1-1*5 mm. longa', 
lanceolaim^ acuminata, obscure denticulatje ; pedicelli fructiferi fere rajiillares 
apice incrassati flexuosi in/imi usque ad 25 mm, loniji, Sepala circa 1*5 mm, 
Icmga^ *75 m«i. lata^ ohlongo’-lauceolata, peltata, acuta, basin versus parce 
dentaia^ albida. Corolla minima^ circa 4 mm, (4-5 mm. ap. Pomel) longa^ 
carinis viridibus vel lutescontibus albida ; petalo svperiore apice inarginibus 
latiusculis subpatentibus ohlongo vel anguste obovato, obtusissimoyiA truncate, 
caleare minimo brevissimo (vix 1 mm. longo) recto ; petalo inferiore apice 
inarginibus latis patentibus seusim dilatato cuneato^obox^ato obtusissimo^ basi 
hand saccato; petalis interioribus fere rectis apice ala laid lutescente 
rotundatft inter petalorum exterioriim niargines quos paululuin superat 
subpatula praeditis obscure alropurpureis, Frnctds modici, sine mucrone 
2*75 mm. longi, 2 mm. lati, oblongo-ohovati (obovati ap. Pomel), cum mucrone 
hrevi obtusissimi et inferne attenuati, satis compressi et plane carinati, 
siccitate ornnino dense tuberculato-rugosi. 

R, numidica quae per fiores mininios apice dilatatos brevissime calcaratos 
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{ftcile (ligtiHguenchi est, in Algeria rapes calcif eras propo urLetn (^onstantinain 
et forsan alios locos habitant. 

Poniel is hero followed in restricting the luitutiTiu uifMidic(x of Oosson> 
which includes .•several distinct plants collected in different Algerian stations, 
to the form gro\>ing in the neighbourhood of CVinstantine, the hrst locality 
cited by (Visson in his origifial diagnosis of F. inimidica. 

There is a Powerless specimen oi this plant in Herb, Ke\\, collected by 
Hove at C'onshintine in September, 1859, in which the leaves are more than 
25 cm, in length. 

9. RuriCACKos (JossONii, sp. nov. 

Fumaria nimidira^ Co'ss. & Dnr. in Bull. Soc. Bot. Fr. ii. 30i> (1855), 
ex parte; (^os^. Jlln^tr. FI. Atlant. i. 15 (J882), ex parte; Comp. 
FI. Atlant. ii. 81 (1883-1887), ex i)arte ; Balt, k Tralmt, FI. dAlger. 
i. 25 (1888), ex parte. 

Icon (^osson, llliistr. FI. Atlant. i. tab. 9, figs. 1-11, ut F. mnnidica, 

F.mt'c. Bahinsa, FI. dAlger. 1853, No. 995, in Hb. Mus. Paris (partim), 
Hb. Kew, Hb. Mus. Brit, et Hb. Manchester, ut F, rort/mhosa ! 

Itupicapnos perennis, caudice breAi crasso ramoso decumbente tandem 
vestigiis petiolorum emarcidorum donato atquo caulibus brevissimis ^ed fere 
nullis pnedita. Folia pleraque radicalia, crassa, plus minusve glauca, cum 
petiole 5-JO cm. longa, longe petiolata. oldomja rel oraliu^ foliolis (2-3- 
pttribu.s) satis confertis, breviter petiolati^ \el .-^upremia subscssilibus, et 
seginentis seenndariis in lacinias ^ididnaricatas oldongaa ohtusats obscure 
nuicronatas vel aniihfsndas irregulariter fissis J-J^pinnatisecta* Havemi 
subcorymbiformes, m////i-(]5-3()-) .//oW, ])edunculis paulo bre\iorc*s, cum 
peduiiculo fad 5 cm. longo) foUa fadxt quantes\Q\ in formis umbrosis breviores. 
livavteir 1-1*5 mm. longjc, acuta* Ael acuminata*, parce serrulata*; 

pedicelll /rurti/eri tjrariles (fere filitormes), uiujuste clurafi^ apice incias'^ati, 
ffextiosi, in/hni usque ad 25 mm, longi, Sepala 1-1*5 mm, longa^ *5-1 mm, 
laia^ ovalia rel orata^ peltuta, subacuta, pins minusve crenato-^deniata^ nervo 
dorsali viridiusculo ulbida. Corolla jtarra, 4-5 mm, longa, hand gracilis, 
preeter cariiias virescentes alhida; petalo sujteriore apice marginibus latius- 
culis patentibus angmste ohorato obiumsimo vel etiam retuso, calcare satis 
longo adscendonte patilulum curvato ; petalo infenore lato niarginil^us latis 
patentibus apice sensiin dilutato vuneaio^obovuto obtusissimo (u[>ice quam 
petaliim superius paulo latiore), hast Laud saevato ; petalis inleriuribus fere 
rectis apice vix coalitis aid laid lutescente prsesertini ad apicem dilatuta inter 
petalormn exteriorum margines quos paulo superat subpatula pimlitis 
verisiiniliter interm* et ajnee ipso brevissime purpureo^-tinciis. Stylus 
fiircaeformis, Frucius modivi, sine inucrom* 2-2*5 mm. longi, 1*75-2 mm. 
lati, subrotuiuhh-obovati \o\ obo\ati, c/o/i m uc rone dii>ti nr to obi tui, ])]ixno ooni’^ 
pressi et valde durinati, siccitate omnino dense tubervulalo-rugosi submuricati. 



(JEKKUA FrMAlUA AND Kri'DAPNos. 


m 


Hjoc Hpocies numuUcn' affinis est ‘^eJ foliolis iaoiniisqne minus remotis, 
racemis relative longioribus, pcdicolliscrassioribus, eorollis inajoribus longius 
calcaratis, fructibus cum mncrojie longiore Jatioribus differt. 

H. Cossonii fissurah rupiiim ad Djebel-Tougoiir. prope Batnam,in provinoia 
Oonstantina Algeria? habitat. 

(^os?>oii\s original Futmaua uumidlva is juirtly founded on this ])lant and 
the plate in his ‘ Illn.stnitiones Florfle Atlantica* * U evidently tlra\vn from it. 
A> Pomel, however, lias adopted this specific epithet tor the form found at 
(Jonstantine, and Balansa's plant from Batna appears to bo an e>sentially 
distinct sjiocies with several points of difference, a new name becomes 
necessary, and it therefore seems fit to ciunmemorate (Wson, who was the 
first to distinguish and describe the small-flowered species of tlie genus. 

10. UUPICAPNOS TENIIIFOLIA, Pomel, Nouv. Mat. FI. Atlant. 1.244(1874). 

Fmnaria teanifolia^ Batt. & Trahut, FI. d'Alger. i. 2(1 (1888) ; 

F. nmnldicii, ('oss. Comp. Fi. Atlant. ii. 81 (1883“1887). ex parte. 

Kcaicc- Bourgoau, FI. d'Algcu*. 185G, No. 243, ut F, numidica ! 

Jiu[)icapiios perennis caiidice bre\i crassiusculo ramo.so deciimbente et 
caiilibus brevissimis ut in R. C<moidL Folia ploracpie radicalia, vix crassius- 
cula, plus niinusve glauca, cum petiolo longo gracilescente 5-20 cm. longa, 
aoi/usle ohloiitja^ foliolis sa'])ius 3-paribus bre\ifer petiolalis et segmentis 
secuudariis (interdum subflabellatis) in Inriniu,^ confertas lineari-oldongaSj 
vel oblongas in foliis primariis, acotaa vel obtnsiusciilas (j)arvas oliovatas 
obtusas ap. Pouiel) irregulariter lissis J-^Uinnnaiisecta. Raceoii corymbi- 
formes^ ilensiusculi, /;n^///-(20-40-j //ori i^paiiciHori ap. Fomel),cum |)edunculo 
gracili (ad 5 cm. longo) foliis soMuplo hreriores nisi in formis nanis. 
Jh*arte(p 1-1‘5 mm. longm, oblon<jo\, acuminatm ; pedicelU fruviiferi capillares 
ajiice incrassati flexuosi infimi ad 20 aim. Ivoyi, ScpaUi circa 1*5 //on. longa, 
'b-lb nun, lata, lanceolaia (o\ata ap. Foimd), vix peltata, acuta, pane 
dcntirulalUy albida. Foro la minima, 4-4 5 }nvi, longa, pneter Carinas 
lutcscentes vel vire&ceiites alinda ; petalo snperiore apice marginibiis latis 
patentibiis in limhnm sahorbirularem ohtnsissinuan dilalato, ealcare hreviusculo 
satis gracili fere recto sed apice ililatato, [nectario paulo arcuato calcar 
medium attiiigeiite ap. IVmelJ ; petalo infer lore apice marginibiis latis in 
linibum anborbirulurem obtasissimum vel fruncatum abrupte dilatato, hasi hand 
sacrato ; /fetalis interioribns fere rectis apice aid lata lutesceiite rot undata 
patula petulorum exteriorum margines subicquunte ju’mditis hand atro* 
purpitreis, Fnictiis parvi, sine inucrone 1*75-2 mm. lohgi, 1*5-1*75 mm. 
lati, snbrotnndi vel subrotundo-obovati (obovati ap. Pomel), cnifi mucrone 
gracili obiusissimi, paululum conijiressi et obscure carinati, siccitate omniuo 
dense tuhervnlato^rngosi, 

llaec species duabus pnecedentibus ( nnmidiea et IL i'ossonii) affinis est, 
sed pel* folia graciliora magis dissecta, per petala exteriora in limbos 
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suborbiculares dilatata ot per fruciAs minores gracile miicronatos separanda 

eat. 

R. tenvifolia regionem montanam Algeria? au^'tralis in provinciA Oranensi 
ad Itimam (Pomel), j)rope Stifcten et forsan ad alios locos habitat. 

The diagnosis of R, tenmfolia has been taken from Bourgeau^s elfcsiccata 
at Kew and in Herb. Manchester, which, while differing in some particulars 
from Pomers original description, as indicated, seem to be esfeenlially 
conspecific although perhaps varietjilly separable. The relationship of the 
two forms is indeterminable in the absence of authentic material ot the 
Itima j)lant seeu by Pomel, which appears to differ chiefly by its broader 
leaf-segments, fewer-flowei ed racemes, broader sepals, and less rotund 
fruits. 

11. Rupicapnos CAPtTT-PLATALBiE, Pomel, Nou\. Mat. FI. Atlant. i. 244 
(1874). Finnaria capuUplatalew^ Batt. & Trabut, FI. d^Alger. i. 25 
(1888). (PI. 9 , fig. 7.) 

Exsice. Murbeck, Iter Alger.-Tunetanum, 189(5, Dyr-eUKef, Tunetia media, 
in Hb. Mus. Brit., ul F. numidica var. longipei^ ! 

Rupicapnos perennis, glauca, caiidice crasMusculo et caulibus abbreviates 
ut in R, mmtdlcd. Folia pleraque ‘^ubratlicalia, crassa, cum petiole 
longissimo 10-15 cm. longa, huhdeltoidea^ foliolis flabellatis infiinis petiolatis 
reliqiiis sa'pius fere subsessilibii-^ in segment a remota cuneiformia vel obovata 
ohtusissima rarius obscure inucronata fissis irregularitev J^phinatisecta sal-* 
qainata. Racenii prime corymbiformes cito olongati, densi, conspicae multi’- 
(30-50-)//or/, cum pednnculo ad 8 cm. longo folia paalo superantes a el 
parmn breviorcs. Bractea 1-1*5 mm. longse,/mear/-/anceo/ato», acuminatcT, 
subintegra?; pedicelli Jructifen fihformes apice incriissati longissimi (infiini 
usque ad 50 mm. longi), Sepala area 2 mm. longa^ 1-P5 mm. luia^ ovata^ 
peltatu, acuminata, integriuscula vel Inisi parce dentata, ulbida. Corolla 
parra^ 4-5 mm, longa^ prteter Carinas virescentes albtda ; petalo superiore 
apice margin!bus latis patentibns late ohovato vel snborbiculari iruncato vel 
obtusissimo, ealcare hreeiusculo fere recto, [neclario hrevissimo calcar vix 
ineunte ap. Pomel] ; petalo ivferiore apice inarginibus latissimis patentibus 
in limbuni suhorbieularem tmnvatum dilatato, bast hand saevato ; petalis 
interionhas fere rectis apice aid laiUsirnd liitescente rotundat^ in spatulse 
form& inter petaloruin exteriorum tnargines (juos longe siiperat patente 
prsoditis interne obscure atropurpureis, Fruetds mediocre^t, sine mucrone 
circa 2*25 mm, longi et 2 min. lati,yer^ elliptia, cum mucrone obtusmsetdi^ 
satis compressi sed parum carinati, siccitate omniuo dense tuberculato^ 
ruposi. 

R, caput-*platalea valde It, numidica affinis, sed per alarum latitudineiu in 
petalis interioribus quae petalorum exteriorum margines longe snperant 
mirabilts est. Foliorum seginentis cuiieiformibus obtusioribus, raceinis 
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coiispicue multifloris cum pedicellis fructiferis ad 50 mm. longis et fructibus 
ellipticis ab hujns sectionis spcciebus aliis insiiper differt. 

Hfcc species ad El Ghicha in regiono montaiul Djebcl Amour Algeria? 
australis (Pomel) primiim inventa est atqiie propc* Dyr-cl-Kef Timoti}x^ 
media? et forsan in aliis loeis crescit. 

This remarkable plant has been described from Murbeck^s oxsiccala in 
Herb. Mus. Brit., collated with the diagnosis of Pomcl, with which it 
suhstantially agrees. The fanciful name mput-platahw^'' or “spoonbilPs 
head” is perhaps not inapt owing to the groat apical dilation of the inner 
jietals. 

Murbeck’s reference of his ex'^iccata to Fumana nnmidica var. longipes^ 
(Wesson, is probably duo to the great length of the fruiting pedicels, which 
characterizes this plant in common wdth IL loiunpes. In every other respect, 
however, ]L caput •pi atale<r is widely different from the annual species 
distinguished by Cosson. 

12. RrpiCAPiNos EUOSA, Pomel, Nouv. Mat. FI. Atlant. i. 243 (J874). 
Fumaria erosa, Batt. & Trabut, FI. d’Alger, i. 26 (1888) ; F, nnmidica^ 
Coss. & l)ur. in Bull. Soc. Bot. Fr. ii. 306 (1855), ex parte ; Coss. 
Illustr. FI. Atlant. i. 15 (1882), ox parte ; C^oni]). FI. Atlant. ii. 81 
(1883-1887), ex parte. 

Exaicc. Kralik, PI. Alger. 1858, No 3, ut F. numidica ! Paris. Iter Bor.- 
Afrlc. 1886, No. 10, ut F. numidica ! Ohevallier, PI. Suharto Alger. 1897, 
No. 147, ut F, numidica ! 

Uupicapnos perennis Zt*. numidicoi luibitu sed caulibus nonnunquam 
crassioribus. Folia pl^raque subradicalia, crassiuscula, glaucescentia, cum 
petiolo longo 3-15 cm. longa, ohlonga, foliolis (vulgo 3-paribus) sfopius 
brevissimo ])etiolatis et .segmentis sccundariis in lohos ohovatos vel rotundatos 
ohtusissimos (vix mucronatos) divaricates sjepe incisos aut ra?dns oblongos 
snbacutos fissis (pinniilis subflabellatis et earum lobis s»Tpe alternantibus) 
irregulariter £-.i-f)innatisecta. Kacemi cory^nbiformes, lO-^O-floTi^ cum pedun- 
culo 2-5 cm. longo/bi/7.? multo bi'eviores vel in forinis apricis nanis folia sub- 
joquantes. Bractetr 1-P5 mm. longa% //7/eaW-ia/ieoo/afr/, acuminata'; pedicelU 
frnctiferi Jili/ormes apico abrupte incrassati flexuosi infimi mque ad 25 mm. 
longi. Sepala l‘5-2*5 mm. longa^ 1-1*5 mm. lata., ovata vel oblonga, peltata, 
acuminata, plus minusve dentata., albida. Corolla 6-10 mm. longa, quam in 
hujus sectionis aliis speciebus relative august ior, pra*ter Carinas crassas 
apicem baud attingentes lutescentes vel pallide virescentes alha ; petalo 
superiore apice marginibus latiusculis patentibus oblongo-obcordato retuso, 
eafeare longinsculo deflexo ad basin angustato ; petalo infertore marginibus 
latis patentibus in limbum mborbicularem retusum abrupte dilatato, Iasi 
obscure suhsaccato ; petalis interioribus fere rectis apice aid laid lutescente 
praesertim ad apicem dilatata angulata subpatiila petulorum exteriorum 
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margined sulwqnanto pripditis verisimiliter interne nec exierne purpurea^ 
tinetu. Fnictiis parvuli, sine miKTono 2-2*25 inin. longi et circa 2 mm. lati, 
mhrotund(Ho/)(wati a el subrotnndi, cum mmrone hreviusculo quundrnngulato 
pbtusissimi ot iiiferne in stipitein ohsciirmn angustati, ])aulo compress! et 
plane carinati, siccitiite oninino dense inherndaio^-rngon, 

13. major^ var, nov. 

Effrsiev. Clarj, no. 33, Gliadu de (Tliernonta, 1888, in Hb. Mus. Pari«, nt 
Fvmaria ninuidica {Itupicapnos erosa^ Pomel) ! 

Planta multo major habitn laxiorc. Folia hand cras^a, viridia, cum j)etiolo 
longo gracili 2()“3() cm. longa, bubqiiinata. Racend donsi, 15-30-) 

//oW, cum pedunciilo (ad 8 cm. longo) folia sohdaplo hreviores. Hractea 
miniimc, (drca 1 mm. acuminata*, oliscure denticulata*; 

apice incrassati, infimi ad 40 mm. hngi. Sepah 
jHxrm^ 1-1‘5 mm. lomja., *75-1 mm. lata, acuta. Corolla 8-10 mm. longa. 
FrtiCtds majascali. sine mucrone circa 2*5 mm. longi ct 2*75 mm. lati, 
snhrotandi^ siccitate grosse et dense tahermlato^-ntgosi. Alitor ut in t>po. 

Ha)C planta ab hnjus sectionis alii> speciebus per foliornm 2-3-pinnati- 
sectornm lobos hitos divari(*aios, per corollas angusHoros pallidiores multo 
inajores calcare longiorc petalo(|ne inferiore subsaccato pra*ditas, et per 
frucths subrotundos brevitor mucronatos divtingnenda C'-^t. 

R. erom regionefn montanam Djebel Amour Algorijc australis propc 
El Beida (up. Pomcl) ct ad Laghouat habitat ; variotas major hactonus ad 
(ihada de Gheruenta solum inventa cst. 

The oldest sjiecimens of this plant, collected at Laghouat by Kralik, and 
also others in Herb. Kew received from Reboud,'are late gathered and 
more or less exhausted individuals bearing small flowers, but are none the 
less clearly conspecific with tlie much finer examples obtained more recently 
in the same district by Paris and Chevallier. It is noteworthy that the 
foliage of the weaker plants shows relatively narrow and acute segments. 

The vari(*ty major is a much* larger plant, with finer flowers, almost 
recalling the section Calliantlm. It appears, however, to possess all the 
essential features of the Laghouat form, except that its bracts and sepals 
are smaller and broader. 


Sbotio IV. CALLIANT1I08. 

Planta* perennes decumbeiitos eis sectionum aliarnm vulgo inajores. 
Racemi multiflori. Flores magni, 12-16*5 mm. longi, albidi vel pallide 
pnrpurei; petalis exterioribus quara interiora ajdce surfeum curvata modice 
alata atropurpurea vix longioribus, marginibus eorum apice deflexis patentibus 
vel sursum recurvatis in limbos suborbiculares nunquam dilatatis ; stylus 
malleiformis lobis divaricatis. Fructfts niodici ad maximi, 
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SuBSECTio AFRICANiE. 

Foliorum lobi relative aiigusti. Floreb albidi. 

13. ItmcAPNOS AFUiCANA, bj). nov. (non R, a/ncnint^ Poniol). 

Funiaria Lamarck, Encycl. ii. 369 (1788); Posh. & Diir. in 

Bull. Soc. Bot. Fr. ii. 305 (1855), ex parto ; (V)^s. (^oinp. FI. Atlant. ii, 
80 (1883-1887), ex parte; F. rorf/mhos(f^ De^^fontaiiicb in Act. Roc. 
Hibt. Nat. Paris, i. 2ti (1792), et FI. Atlant. ii. 124 (1800), non 
F. cori/mhom^ Ham mar ; Rupicapnos ffrarilif/ora^ Pomel. Noiiv. Mat. 
FI. Atlant. i. 241 (1874): Fuma/ui tjraciUtiora^ Batt. & Trabiit, FI. 
d’Alger. i. 25 (1888). 

Icon, Dcsfontaino*^, Lc. i. tab. t), ut F. corjpnhosa, 

F,rsirr. Boiiroruu, PI. d'Alger. 18.36, No. 181, Ncdroina, in 11 b. Mils. 
Paris (frnctibus plerisqne (‘xcliisis) ct in herb, aliis (partim), iit J\ afriraiml 

Bupicapnos ]>erennis, candice crassinscido ramoso d(‘cumbcnte sjcpc panlo 
elongato tandem vestigiis petioloiiim einarcidoiurn donato caulibns(juc seinjier 
bre^ibus. Folid pl(‘ra(pie .snbra<licalia, plus minus\e glaiic(*scentia, 10-25 
cm. longa (petiolo gracilescente incluso), longe ))etiolata, ohhtujo-delioidea^ 
foliolis ambitu fere o\atis Mdgo breviter petiolatis et .seginentis veciindariis 
subflabellatis in lad inns oblonijai^ \el lineari-oblongas acutas rarius obtusas 
niucvonatas irvegulariter fis^is 2-phinatisecta salH/aituifa, Raveinl corymbi- 
formcb, l/j-JO-doriy earn p<‘dunculo (ad 6 cm. longo) sahduplo breriores. 
Bractea 1 *5-2*5 mm. longa*, lanreolafa^ ienuiter acuminata' (denticulata* ap. 
Pomel) ; pedicelll fnuiifeFt pitformes apice incra^sati, io/lmi ad 1)0 mm, lota/i, 
Sepala circa 3 mm. lomja, 2 mm. /atu, ovalia ^el ovato-lanceolata, peltata, 
acuminata, leciter dentata vel ad basin dentibus angiistissimi's sublaciniata 
(subintegra ap. Pomel), printer nervum dorsilem latum viridiusculuin albida. 
Corolla maxima., 14-16 mm, lontfa, (jracilu„ oviYinh viridibus albida \ petalo 
saperiore apice marginibus parum dilatatis subpatentibus vel detlexis non- 
niimiiiam leviter piirpureo-tinetis aapusie ohloopo obtasissimo, calcare loago 
(circa 5 inm.) detlexo basi anguMato apice rotundato, [n(*ctario longi^simo 
baud incurvato ap. Pomel] ; petalo inferiore marginibus j)atentibus apice vix 
dilatatis liaeari-oblongoj obiusiasndoy ad La&in ipsam inconspicue (valde ap. 
Pomel) gibhoso-saccato ; petalis interioribm apic(* sursiim curvatis modice 
alatis atropnrpnreis. Stylus malleiformis. Fructils modiei, sine mucrone 
circa 2*5 inm.longi,2 mm. htijobovatocelliptid (elongato-elliptici ap. Pomel), 
cum mucrone hrevissinio obtusissimi vel obtusi, inferne in stipitem angustum 
obscurum breviter angustati, panlo compressi et acute carinati, siccitate 
oinnino tenuiter ti(berculato^rugosi» 

Hajc species prope Mascaram (Desfontaiiies) et in rupibus dolomiticis 
ad Nador prope Tiaret (Pomel) in parte oriental! atquo pro 2 )e Tlemcen 
(DesEontiines) et ad Nedromam in ))a»*to occidentali provincise Oranensis 
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in Algeria crescit; eliam in locis aliis hujus provinciae sine dnbio videnda 

eat. 

This plant was discovered by Desfontaines prior to 1788 near Tlemcen and 
Mascara, and specimens of it were bronght to France for cultivation. Its 
earliest description appears in LanmrckS Encyclopedia under the name of 
Fumaria afnaina, and four years later it was re-described by its discoverer 
as F, corymhosa. Both of the descriptions are in some detail and in virtual 
agreement, and with thes<» and De^^fontaines’ very fair figure, the diagnostic 
characters of the ‘species can be determined with some accuracy. The plant 
is evidently one with rather finely cut leaf-«egments, ovate sepals, slender 
whiti*^}! corolla with a long spur, and slightly pointed fruits. It is not known 
whether any original specimen of Lamarck’s or Desfontaines’ is now in 
existence. 

In 1855 Cosson, in establishing the section Petrocapnos of Fninaria^ again 
briefly describes this s[)ecies, but extends its definition to include the purple- 
flowered [)laiit occurring about Oran; and Hammar, in his Monograph of 
Fumaria^ bases liis description on the Oran form. 

In Pomel’s revision ot his genus Rupicapnoi^ (Nouv. Mat. FI. Atlant. i. 
p, 240) six species of this group are established, and the name ii. a^itcaimy 
with which Fumaria afrieana Lamarck is identified, is rostiicted to a 
purple-flowered form, characterized by \ery broad leaf-segments, large, 
orbicular sepaL, and a very short spur to the upper petal. This plant is 
said to grow at Garrouban, Tlemcen, Gorges do la Tafna, Nedioma, and 
Oran, Tlemcen being one of Desfontaines’ stations. Only one undoubted 
example of Pomers plant, however, obtained in the first-named of these 
localities, has come under observation, the exsiccata examined from Tlemcen, 
Nedroma, and Oran being clearly different. 

It is not easy to see what led Pomel to apply the epithet afruaim to this 
apparently uncommon purple-flowered foim rather than to Desfontaines’ 
white-fiov^ered plant, but it is likely that when PomePs account of these 
plants was written, he had not been able to consult the works of Lamarck 
and Desfontaines, a reference to which would have shown the distinctness of 
the original F, afrit ana from the form to which he restricted this specific name. 

As Article 48 of the current Rules of Nomenclature requires that original 
specific epithets must be retained (or restored) for the species to which they 
were first given, it becomes necessary reluctantly to differ from Pomel 
and to regard his Rvpkapnos afrieana as a stillborn name, transferring 
it to the plant originally described by Lamarck. This appears to be 
conspecific with Poinel’s R, graciliflora* 

The above diagnosis of this species is based on Bourgeau’s sheet of 
F. afrieana from Nedroma (No. 181) in Herb, Mu*?. Paris (excluding the 
detached fruits, which are a mixture), together with the small examples 
pn the sheets of the same set in Herb. Manchester, Herb. Kew, and Herb. 
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Mus. Brit. Those have been collated with the ori^rinal accounts of Fumaria 
afrUami, F. con/mbosa, and Fujunipnoa t/mcillj/om l)y Lamarck, Desfontaincs, 
and Pomel respectively. 

The admixture of this species and of the ])urpl(*-flovvered Oran form on 
Bourg•eall^s sheets of F. a/ricana may b(* taken as evidence that these two 
plants grow in company at Ncdroma, as has already been seen sometimes to 
happen in the case of some of the small-flowered species. 

14. RtIPIOAPNOS DECIPIENS, sp. IIOV. 

Fumaria ron/mbosa^ Boissier, Voy. Bot. Esp. ii. 19 (1839-1845), non 
Desfontaines ; F, africana, Willkomm & Lange, FI. Hisp. iii. 878 
(1880), non Limarck; (W. Ooiiip. FI. Atlant. ii. 80 (1883-1887), ex 
parte. 

F,Tsicc, Ilutor, Porta (te Higo, Iter llisp. 1879, No. 51G, ut F, afYicana ! 
Ueverchon, PI. d’Andalousie, 1890, Grazalema, ut F. afncana ! Porta & lligo, 
Iter IV Hisp. 1895, No. 23, ut F. afrimna ! 

Kupicapnos percnnis, glaiica, radico longissimo, caudice crassiusculo 
ramoso decumbent<» et caulibus semper brevibus ut in Ji, afrimiuL Folia 
pleraqiK* subradicalia, glaiicescentia, plus minusve carnosa, 10-25 cm. longa 
(petiolo incluso), longissiim* ])etiolata, delloidea^ioWolh subdeltoideis (duobus 
infimis multo majoribus peiiolatis reliquis sippissime snbsessilibus) et seg- 
mentis sccundariis hubflabellatis in lobos obUmt/os ellijdiios rel cuneaios acidos 
Vid obluaos vix mucronatos irregulariter fissis 2~pinnatisecta sulK/idiiata, 
Ifaremi corymbiformes, cum pedunculo (ad 5 cm. longo sa^pius 

multo breviore) foliis ftubdujtlo brevinres, /iraeteip 2-3 mm. longa*, albido- 
virescentes, oblon^(v^ acutic V(*l acuminata*, interdum sparsim serrulatm ; 
ppdicelli frndiferi praciles, apice abrupte incrassati, flexuosi, longissinii 
(i 71 find ad G5 171771 , Ion pi). Sepal a 2’5—4 777771 . I on pa, 2-3 777777 . lain, late ovata 
rarius suborbioularia, peltata vel cordata, acuta, basin versus leviter crenato-- 
dentata, nervo dorsali lato viridiusculo albida. Corolla maxima, 12-16 m7H, 
carinis viridiusculis albida; pefalo .snperiore marginibiis apice plane 
dilatatisiWibpatentibus sa*pe jmllido purpurascentibus/W*^ vel oblongo- 

obovato, obti(sissi77w vel etiam retuso, carinil apicem versus attenuata, calcare 
inodico (circa 4 mm. longo) vix curvato apice rotundato; petalo i77fenore 
marginibiis patentibus apice valdo dilatatis spatlmlato oht7(msit7io, ad basin 
ij)sam sa*[)ius pibhom-saccato ; petalia ititerioribits siirsum curvatis apice 
modice alatis atrop7i7p7(7^ei8. Ftnicfiis 7na,vi77d, simi mucronc 3-3*25 mm. 
longi, circa 3 mm. lati, suhrotH7alo-obovati vel subrotundi, cw/a inutTone brevi 
quadrangulato obtnsi vel obtusissimi et inferne parum angustati, paulo com- 
pressi et valde carinati, siccitate'omnino de77He et elevato fnberrulcto^ruposi. 

/S. manriiaidca, var. nov. 

E,rsicc. J. Ball, Tetuan, 1851, in Hb. Kew, ut F7i777aria rorpmbosa ! 
Hooker, Teluan, 1871, in Hb. Kew, ut F. afrieana ! 
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Utiriffnes petalorum eYteriornm quam in typo panic lutiore^^. Fr%ietii$ 
uminucfone brevissimo .V3*25 mm. longi, 2-2%^ min. lati, oblongo-ohorati^ eis 
ty|)i mtilto angustiores. Aliter ut typus. 

Hdbc rara planta certe B, afruantt valcle affinis e<$t, sed foliis brevioribu« 
d^^Uoidois lol)i> latiorii)ns pra?(liti% braefceis sopalisque latioribns, corolla 
minus gracili, potaloruni oxteriorum marginibus apice latioribus, calcare 
brevioro, fiiictibiis inajonbus v.ildius lubeiculaiis sepaianda est atquo 
apecifiec diffeire vidotur. 

R. decipmis in fissuris rnpiuni, ad 400 m, adscendons, regionis Sierra de 
Alora ot Pizarra in provinciii Malacitana atquo prope Grrazalemam in pro- 
vincift Gadit<inu Hispania^ invenitur ; varietas mauntanica prope Tetuan in 
Mauritania ot for<»an ad Alorani cum typo ciescit. 

The spocimonH of this plant collected originally by Boi^sier at Alhauriii 
(=AIora ?), now in the herbaria at Kew and the British Museum, are sluide- 
forms with relatively broad leaf-segments and poorly (le\eloped flowers. 
Their fruits are found—rather unexpectedly—to differ from those of the 
cxsiccata collected at Aloia by Huter, Porta & Rigo (No. and rather to 
resemble those of the Tetuan form. 

[15. UUPICAPNOS PLATYCB.NT1U, Poiuel, Nouv. Mat. FI. Atlant, i. 242 
(lb74) ; u. V. Fumaria plat/jcetitra^ Batt. & Trabut, FI. d^Alger. i. 25 
(1888). 

FoHorum segmentu in lobos part^os \ol lanceolatos profunde fissa. 

Bractetv ohlongft^ denticulataj ; podicelli apice incrassati. iSepaln orhicular/a^ 
valde corolhc tubum icquantia. Corolla 14 nun, looga^alhida; potali 

superioris margines apice j)aulo dilatati, calcar area 4 mm. longum viv 
ourvatuin apice abrupte rotandatum, nectaiiiim flexuosum, incurvatum ; 
petala tnteriora apice purpurea. Fnictu6 cum inucione quadrangulato 
ovaluelliptui, siccitatc tuhenufato-rugosi. 

H«ec species lupes ad Kef Iroad prope Toiuriiim in Algeria habitat. 

This plant is maintained as a separate bpocies in deference to the wiews of 
Pomel, alth< ugh no material of it has been available for examination. It 
appears to be clostdy allied to H. differing chieflv in its more finely 

divided foliage and its strongly toothed, or biculai sepals.] 

16. RLiucArxob CKiiEFOLiA, Poiuel, Nouv. Mat. FI. Atlant. i. 242 (1874). 
Fumaria cere/olia, Batt. & Trabut, FI. d^ilger. i. 25 (1888) ; F. a/ricana 
Com. Comp. Fl. Atlant. in 80 (188.3-1887), ex parte, non Lamarck. 

Rjrsicc. (Josfcon, Djebel Zaccar, pifes Milianah, 1854, in Hb. Kew ut 
Fumaria corgmbosa ! Joad, Milianah, 1873, in Hb Kew, ut F. africana ! 
Cosson, Milianah, 1875, in Hb. Kew, ut F. ofncanal Soc, Dauphinoise* 
No. 672, Milianah, ut F. africana 1 ’ 

Bupicapnos perennis, plus iiiinusve glauca, caudice cia^siusculo caulibusque 
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brovibus ut in R. africana. Folia ploraque subradicalia, glaucescentia, 
10-20 cm* longa (petiolo gracili incluso), longe petiolata, ohloixja^ foliolis 
3-paribus subdeltoideis brevissime petiolatif? et segmentis securidariis in 
lacinias satis roinotas, pat vas^ hneari-ohloujas^ acutaa niucronatasye prof nude 
ineisis 2 S‘pinnatisecin, Racemi racemoso-corymbiformes, £0-^5 Jlor quu\ 
pedunculo (ad 7 cm. lougo) foliU saepissime paido rarius subdujdo Orevlores, 
Braetetr l’r)-4 mm. longfc, (lineares ap. Poinel), aeuininatm ; yW/- 

celli frnctiferi fiUforoies apico vix in(‘ras.sati longissimi {injimi ad 00 mm, 
longi), Sepala 3 mm, longa^ 1’5-1*75 mm, lata, orata i^el lanceolato-ovata, 
peltata, acuta \el acuminata, ])lus minusve irrogulariter dentata vel l)asi 
laciniata, prneter nervum dorsalem aiigustum viridiusculum jilbida. (\nvlla 
maxima^ ssGpe gracilis, J4~l()*5 mm, longa (12 mm. ap. l*onu*l), carinis 
gracilibus viridiuscMilis \el roseo-albida : jx'/alo aupcriore marginibus 

apice paulo dilatatis sursuiii rccurvatis vel patentibns anguste ohlongo ohiasis- 
simo^calcare loiujo (circa 5 min.) deflexo ad basin angusto sed apicem versus 
rotundato; petalo inferiore marginibus latis ])atontibus apico satis dilatatis 
suhspathulafo ohtuso, nonnuncjuam ad basin i])sam ohsrure saccato ; petalis 
interioribus sursum curvatis apice modice alalis snbtruncatis breriter sed Isete 
atropurpureis, FructiL^ modivi, sine miicrone circa 2*5 mm. longi et 2 mnu 
lati, obovato-elliptici^ cum mucrone longo acaminai^ valdo compressi et plane 
carinati, siccitate omnino gros,se tuhereidato-ragosi, 

Hfcc pulcbra et distinctissima speci(‘S per foliorum magis decomj>ositorum 
lacinias parvas augustas, per corollas maximas roseo-albidas apice breviter 
sod conspicuo atropurpureo-maculatas et per fructus modicos subellipticos 
acuminatos inter hujus sectionis alias species notubilis et facile distinguenda 
est. 

R. cerefolia prope Milianali atquo Mazis (ap, Pomel) in provincia Algeriensi 
Algerise invonitur. 

The above description, which has been drawn up from the exsiccata cited, 
agrees with Pomers diagnosis except that in the material examined the 
bracts and sepals seem rather broader, and tlie corolla is larg(»r, the flowers 
being especially fine in Soc. Daiiph. No. 072, and the specimen at Kew 
collected by Joad. Poiners diagnosis seems to have been taken from poorly 
grown plants, and is corrected by Baitandier & Trabut {I, c.), wlio ob.serve that 
the flowers of F, cerefolia are very large, not less than 15 mm. in length. 

The flower and dissections of Fmnaria afncana in (Wesson's Tllustr. FI. 
Atlant. i. tab. 9, figs. 12-20, appear to have been drawn from a plant of 
this species, 

17. Rupicapnos speciosa, Pomel, Nouv. Blat, FI. Atlant. i. 211 (1874). 
Fumaria speciosa^ Batt. & Trabut, FI. d Alger, i. 25 (1888) ; F, africanu^ 
Coss, Comp. FI. Atlant. ii. 80 (188.3-1887), ex parte, non Lamarck. 

Kvsicc. Warion,.Saida, 1872, in Hb. Kew (sine fructibus), ut F.al'ricanal 
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Ktipicapnos perennis habitn R, qfricanft. Folia fere ut in R, afritwad 
(maxima ap. Batt. & Tnib.) sed oWowya, segmentis secondariis subflabelJaiis 
in lucinias latin^ciile oblongas^ suhaciifas vel mucronatas fissis 2-pinnatiseeta. 
Racemi F. afruantt. Bvacteu 2-4 mm longse, lancfolatWy acnininatse; 
pedicelU frycUferi fiUformes apico incraM^ati. Sepala circa 3 mm. longa ac 
fere orhicttlana (corolla^ tubum subjeqiiaiitia), peltata, acuta vel breviter 
acuminata, v>alde denfata^ albida. (^orolla magna^ 14-15 mm. longa^ cariiiis 
viridibus a//m/a ; marginlbus apicc vix dilatatis dilute pui- 

purascentibiis ohlongo obtuso^ialcare hrcvt (circa 3 m»n. longo) apice rotuiidato, 
[noctario lineari inciirvato ap. Pomel] ; pefalo inferiore marginibns patentibus 
apice paulo dilatatis lineari’-oblongo ohtuso, basi gibboso^saccato ; petalis interL 
oribus apue nolaceo^atropurpureis. Fructds verisimiliter utodici^ cum mucroye 
hngo lanceolato-ohocati^ siccitate omnino valde tnhercalaio-rugost, 

Hspc spt'cies babitu foliisque R. africanam refert, sed per folioriim seg- 
menta latiora, per sepala orbicularia nee ovalia, per corollam baud gracilem 
calcare brevi prseditam satis diflVrt, R. dedpieus folii^ deltoideis, sepalis 
ovalibus, corolla longius caloarata, fruetibus niulto majoribus facile se])aranda 
est, atque R, ceretoha per folia magis decomposita laciniis par\is angnstis 
prseJita, per sepala angnsta, ])er eorollain longe calcax-atam apice bre\iter 
purpureo-maculatam et per fructfib subellipticos acuniinatos omnino di\er«‘a 
est 

speciosa rapes ad fluminis Mime cataractam pi ope Mascuiain (ap. 
Pomel), ad Saidam et forsan ad locos alios in ju'ovincia Orancnsi Algeria) 
habitat. 

No authentic or satisfactory inateiial of this plant has been seen, but 
Warion’s Saida example at Kew, although in a fragmentary condition, 
appears clearly referable to it and lias been cited accordingly. The specific 
diagnosis given abo^e is based on the work of Pomel, collated with this 
exsiccnta. Another example at Kew, one of two labelled “ Fjoiijinbom — 
Munby, Tlemcen,” may also belong to thi& bpecies, which it closely resembles 
ill foliage, while its fruits, which are not large, agree in form with Poiners 
description. Unfortunately this specimen now shows ho trace of flowers. 

SuBsxoTio POMELIANiB. 

Foliorura lobi lati. Flores pallido puipuiei. 

18. Hupioapnos Pomkuana, sp. no^. (PI. 9, fig. 4.) 

iZ. qfricana, Pomel, Nouv. Mat. FI. Atlant. i. 240 (1874), nomen 
abortivuni; Fmmria africana^ Coss. Comp. FI. Atlant. ii. 80 (1883- 
1887), ex parte; Batt. & Trabut, FI. d'Alger. i. 25 (1888) ; non 
F. qfricaiia^ Lamarck. 

Emicc. Bcurgeau, PI. d’Alger. 1856, Garrouban, in Hb. Mas. Paris (pro 
iiiuj* parte), ut Fumaria corymtma ! 
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Kupicapnos peronnis, glauca, caudice crassiusculo, ramoso, brevi vel paiilo 
olongato, deciimbeiite, tandem vestigiis petiolonim einarcidoruin doiiato, 
caulibusquo semper brovibu«i. Folia pleraque subradicalia, glaiica, carnosa, 
10-20 cm. longa ([)etiolo incliibo), longe petiolata, oblotnja^ foliolis late 
obovatis breviter petiolatis et segmeiitis secundariis sabimbricatis rare 
alternantibus in lobos rotundatos vel obovatos ohtusos \ix inueronnlatos sfcpe 
incisos irregulariter fissis 2 --pianatisecta suhtiuinafa. Facemi corymbiformes, 
multu(p\vctx 20-^) florid cum pediinculo (ad <> (*m. longo) foliis suhdiqdo 
breviores, Bracietr 2-2*5 mm. longai, late ocales^ cuspidatje, apicem versus 
dentataj; pedicelli fruefi/eri gmciles (fere filiformes), apico incrassati, 
flexnosi, injimi ad 2r) m/u. ImujL Sepala 3-.3*5 lontia, fere 3 aim, lata, 
saborbicularia (corolltc tube latiora), peltata vel cordata, breviter acuminata, 
pnesertim basin versus inciso-deuiafa, pneter nervum dorsalem latum rubi- 
cundum purpiirasceiitia. Corolla oxagna, 12-14 oim. (15 mm. ap. Pomel) 
longa, plus minusve greacilis, pallide pnrpui'ea ; peiaU* .sapeviore marginibus 
apicc pariim dilatatis subpateniibus vel deflexis (nonnunquam paulo sursum 
reciirvatis) angnste oblongo obtuso, carina viridiiiscnla }>etali apicem ^ix 
attingeiite, valcare In^enssitno (2-3 mm. longo) rotundato eurvato ; 
inferiore marginibus patontibus apieom versus vix dilatatis lineari-oblongo nee 
subspatluilato, obinwfsculo, ad basin ipsam giblHK^o^sarcafo; petalis interioribus 
sursum curvatis ajnre modice alatis atroparpureu. Frnctih maJuavuU, sine 
mucrone 2*5-2*75 mm. longi ac lati, vorisimiliter iodnvtundo-oboeati (fere 
ovales ap. Pomel), ciun inaerone bren obtusiswni et inferne angustati, satis 
compressi et valde cariiiati, siceitate omnino grosse et olevato tnberculato-' 
rugosi, 

Hmc planta per foliornm lobos latissimos rotundatos, j)er bracteas lads- 
siraasatque j)er flores purpureos brevissime ealcaratos sepalis suborbicularibns 
prseditos ab hujus gregis speciebus aliis specifice differre videtur. 

R. Pomeliana rapes ad (Tarrouban et forsan ad locos alios in provincia 
Oranensi Algeria' habitat. 

This plant is identified by Pomel with the original Funiaria afvimna, 
Lamk. It has been shown, however, that the descri{)tions of Lamarck and 
Desfontaines can be definitely determined to refer to another s])ecies, albeit 
the name of F, africana was subsequently extended by Cosson to cover in an 
aggregate sense practically all the forms of the present section. As the 
specific epithet afpicana^^ must be retained for the form originally so 
described, and the plant so named by Pomel is distinct and has not been 
otherwise distinguished, a fresh epithet becomes necessary for the latter. It 
is therefore proposed to commemorate Pomel in its new name. 

It is noteworthy that while Toniers diagnosis of this plant agrees well 
with the Garrouban exsiccata in Herb. Mus. Paris, the examples seen from 
other localities which he cites (Tlemcen, Nedroma, and Oran) show different 
characters and seem to belong to other species. Of these, the Oran plant 
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l» less si)aringly represented in herbaria than the other forms of the 
g;ei3lis and agrees with none of Pomelos diagnoses, is accordingly separated 
a# a new species. It is of course possible thal the foinis from these localities 
that came under the notice of Poinel were identical with the Ganouban 
eaainplct for it is almost certain from the nii\tures observed in exsicoata 
thut different species of this ^‘cnus grow in company. But if so, it is curious 
that Pomel, who apparently knew Oran well, sliould not have met with the 
plant that lias hcen most generally obtained there b) other collectoi s. 

19. lloricArNos oRANCNhis, sp. nov. (PI. 9 , fig. 5.) 

Fumaria africana^ (Joss. & Dur. in Bull. Soc. Bot. Fr. ii. )J05 (1855), ex 
parte; Coss. (>omp. FI. Atlant. ii. 80 (188.V1S87), ex parte, non 
Lamarck; h\ ror^mhosa, Hammar, Mon. Fumar. 42, excl. syn. tt loc. 
Alliaurin (1857), non cor^mhosa^ Desfoiitaines. 

Icon. Hammar, 1. c. tab. v, ut F, eorpnbom (sed petalo inferiore baud 
saccato). 

lixsicc. Balansa, PI. d^Alger. 1852, No. JW7, ut F. vorf/mhosa ! Munby, 
Pl. Alger. 1850, No. 38, ut F. eortjmbo&a\ Boiirgeau, PI. d^Alger. 1856, 
No. 181, Nedronm (partiin, sed non in Hb. Mas. Paris), ut F. africana\ 
Faure, PI. d’Alger. 1904, Oran, ut b\ afrit anal 

Rupicapnos peronnib sod a jirimo anno jam fiorens, glauca, radiee elongata, 
caudice crassiusciilo ramoso decumbeiHe brevi a el paulo elongate, oaulibub 
semper brevibub nonnunquam foie nullis. Folia pleraque biibradicalia, 
glauca vel glaucescentia, plus minnsve curnosa, 10-30 cm. louga (petiolo 
incluso), longe petiolata, foliolib fere ovatis infiniis broviter petiolatis 

reliquis subscssilibus et segmontis secuudariis subfiabellatib bicpius alteriian- 
tibus in lobos ohomtos vel oblongos ohtuso,s macronaios vel subacutos s[epe 
incisos irregulariter fibsis d-pinnaihecta. Racemi coi) inbitonnes, multi-^ 
(10-30-, saepius plus 20-)/oW, cum pedunculo (ad 5 cm. \ongo) foliis ba3pisbime 
plus duplo hreviores. Hmctea^ l%5-3 mm. longa', obloot/tf, acutai rariub 
acuminatse, interdum sparsim sorrulata3, >erisimiliter piirpuruscontes ; pedi^ 
cMifructiferi flraciles (fere filiformes), apice inciassati, flexuosi, iufiini usque 
ad 40 mm. longi. Sepala minimay 2-2*5 mm. longa, 1*5-1*75 mm. lata^ ovata^ 
peltata vel corduta, acutu, basin \erbus irregulariter cn auto-dentata^ praetor 
nervum dorsalem latum rubicundiuii purpurascentia, facile caduca. Corolla 
maxima, 12-16 mm. longa, ut vicletur carini-^ viridilnis pallide purpurea ; 
petalo superiore marginibus apicom versus paulo dilatatis fea'piiib sursuin 
recurvatis purpurascentibus oUongo obiusissimo^ calcare longiusculo (4-5 mm. 
longo) curvato apice rotundato (in forinis umbrosis brevioie) ; petalo inferiore 
marginibus latiusculis patentibus apicem veisus soubim paulo dilatati« lineari- 
Mongo vix subspatliulato obtusiuseulo, ad basin ipsain bsepissime plane gibhoso- 
saccato ; petalis interinribus sursuni curvatis apict modive alatis atropurpureis. 
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Sfylus malleiformis. Fnictils magni, sine inucrone 3-3*25 mm. longi, 2*5- 
2*75 mm. lati, ovali^ohorafi^ nun nwcrmie conspiruo ohtusisdmi et inferne multo 
angustaii (supra medium lalissimi), plane eompressi et valde eariiiati, siccitate 
omnino grosse fyherndato^ritgod. 

Ha'c species t’oliornm lobos latos et Acres pnllide purpiireos //, Pouieluwtr 
habet ued braeteis sepalis(|ne multo an^nstioi ibus, jietali snperioris caleare 
snbduplo longiore et fructibus plane longiorilms satis diff’erre vidotur. 

oranensin vicinitatem o])pi(U Oran, Nedromam, Tleincon uL videtiir, et 
])robabiliter alios locos in parte septentrionali provincisc Oraiiensis Algeria' 
habitat. 

This })lant, which is better represented in the herbaria consulted Uian any 
other member of ihe gtmus, is rather inexplicably unnoticed by Pomel, unless 
it is intended to be included with the prcNious sjiecies PomeUana^ as may 
perhaps be inferred from the localities cited. It is not easy to adopt this 
view, however, seeing how clearly romel’s description accords with the 
features of the (Jarrouban jdant in Herb. Mus. Paris and how widely it 
differs in several ))articulars from //. oranensiH, On the other hand, as 
already remarked under H. Pomeliana^ it seems impossible that Pomel was 
unacquainted with this plant in the neighbourhood of Oran. 

In shaded situations the foliage of /A ovanends becomes lax with relatively 
thin leaflets, s()m(‘what acut(‘ly and by comparison narrowly lob(*d, while its 
flowers tend to be reduced in size, with no upward recurving ot the margins 
of the upper petal, and a shorter, straighter sjuir. Tliese features may be 
seen in some of ihe sjiecimens sent out by Balansn, t)y Bourgeau, and l)y 
Faure. Munby's plants, on the other hand, are ino.^tly very dwarf examples, 
probably collected in dry and exposed rock-fissures, and their clusters of 
well-developed flowers almost e(|ual the much reduced leave*-, of which the 
segments are thick in texture and very small. 

Judging from exsiccata, the flow^ers of R, oi^anends appear to be of a paler 
purple colour than those of R, Pomeliana^ and they are less concoloroiis, the 
margin'* of the upper petal being sometimes distinctly flushed with a deeper 
tint, recalling the coloration of the flowers of Fnmaria agvuria* 

There is a specimen of this plant at Kew from Munby’s herbarium, associ¬ 
ated with another which may be R. S 2 >eriom and labelled “ TIemcen,” but it 
appears uncertain from the arrangement of other examples on the sheet 
whether it really came from this habitat <»r wlietber a transposition of 
specimens has not at some time taken place. 

[20. Bupicavnos ochracea, Pomel, Nouv. Mat. FI. Atlant. i. 242 (1874) ; 
n. V. Ffnnarid ochracea^ Batt. & Trabut, FI. d^Alger. i. 25 (1888) ; 

o/nVana, Coss. Oomp. FI. Atlant. ii, 80 (1883-1887), ex parte, 
non Lamarck. 

FoUorum segmenta in lobos parvos ohovatos vel oblongos spatliulatos fissa. 
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Imeeolatff, integvm ; pediedlf graeUes apicc breviter incra^^sati. 
S0pala minima^ lanveohtta^ ralde dentindata^ (Itiam corollae tubus tnulto 
Ungustiora. Corolla oireii 12 mm. looga^ gracilis, pallhle ochraceo^pnrpurea ; 
poteK siiperioris luargiuos apice parum dilatati ; calrar hngmsculum (circa 
4 mm. longnm),api<*o rotundatum ; petala Interiora apiee piirptma. Fruettis 
augusti^, nnn miicrone grarili fere ohlongl^ inferne in stipitem distincturn 
angnstati, siccitate nigosu 

F, ochracea rapes calciferas ad Goudjilam propo Tiaret in parte oriental! 
provineia* Oranensis Algeriss habitat. 

This [ilani, of which no material has Wen seen, seems essentially distinct 
from the other species of this section owing to its peculiarly coloured and 
much smaller flowers, and its narrow fruits. It may possibly be regarded as 
intermediate in characters between F, oranemts and //. erom.'\ 

F.XPLANATION OF TllK PIATES 
Plvti* 9. 

Fip. 1 Flower of Fnmavia ar/rana^ Lag, with transverse section near the apex. 


Fig 2. Flower of F. capreolafa, Linn., 

do. 

do. 

Fig. il. Flower of F Gossonfif Poiss, 

do. 

do. 

Fig. 4. Flow'd* of Jluplinpuos Potneitaua^ sp uoa , 

do 

do. 

Fig. 5 Flower of B ovunrmis, «p. nov., 

do 

do. 

Fig. f>. Flowex of It monuHaty Poiuol, 

do. 

do. 

Fig. 7. Idower of It (apHt^phttatecr j Pomel, 

do 

ilo 


Fig. 8, V I’ulh dnveloped flower of Fmuarta Pom'. , drawn fioni a specimen col¬ 

lected at the iofHit r/asiftfus. 

Fig. 1) A d(‘paupcrate flower of tin same. 

P'ig, 10 A complotel\ cleislogamic flowei of F mufahs subsp Boufi; from n cultivated 
‘specimen. 

Detached floweiN all enlarged X 2 5 A = Keel, B~wing or margin, 

Pi vte 10 

Ftonaria sj). nov , natural ai/.e. with detached flower and diied fruit (x2r)); 

draw''!! from the unique specimen at Kow\ 

Plate 11 

Fig 1. Fttmana hevlteriva^ sp. nov., natural si/e. with detadied flower and dried fruit 
( X 2 5); drawm frmn a specimen at Kew’ 

Fig. 2. F, mo7if(t7ia, ,1. A. HchmidL natural si/e, with detached flower and dried fruit 
(X 2 5); draw n from Schmidt’s original specimen at \ lenna. 

Plaie 12. 

B\mana co(cinvay sp. no\., natimd sire, with detached flower and dried fruit 
(X2 r)); drawui from a specimen collected by Messrs. Sprague and Hutchinson 
(no. 1205). 
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Plate X3. 

amiraH$, sp. nov., natural aize, with detached dower and dried fruit 
(X 2*5); drawn from a specimen at Kew (Volkens, no. 953). 

Plate 14. 

Fig. 1. Jtuincapnos muricuria, Pomel, natural size, with detached dowers and dried fruit 
(X 2'6); drawn from a specimen in Herb. Mu$. Manchester (CIieTellier, no. 397). 
Fig. 2. iJ.;w’<«fer?nwsa^8p.nov., natural size, with detached dowers and dried fruit (x 2*6); 
drawn Irom a specimen in Herb. Mus. Paris. 


Plate 15. 

Fig. 1. HttpicapnoB lonf/ipea, Pomel, natural size, with detached dowers and dried fruit 
(X 2*6); drawn frotn a type-specimen in Herb. Mus. Paris. 

Fig. 2, M. suhlmm^ sp. nov., leirf and fruit (x 2*5); drawn from a specimen in Herb. Mus. 
Pans. 


Plate 16. 

JRupicapnos ittrcoeapnoideif Pomel, natural size, ndth detached dowers and dried 
fruit (X 2*5); drawn from a type-specimen in Uerb. Mus. Paris. 
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8PECIES AND VAllIETJES EEOOGNIZED AS VALID IN TflE 
FOREGOING REVISION ON PAIGES 259-327, 381-862. 

A star « deuotes a name here published for the first time. 


Fumaria, Linn.f 260-327. 
abyftsiuicn, Hamm., 308. 

Hgraria, Lag.^ 259. 

— var. chilenhis, Pwr/., 259. 

-manritanica, Ilatmk., 269. 

amarysia, Bom. ^ Heldr., 267. 
apiculata, Lange, 289. 
asepala, Bom,, 321. 

— var. aprica, Pugs.*, 321. 

-compaota, Ilamsk., 321. 

atlantica, Coss. ^ Dur., 260. 

— var. platypteia. Pugs.*, 261. 
australis, Pugs.*, 309, 

Ballii, Pigs.*, 262. 

Bastardii, Bor., 278. 

— var. affinifl, Pugs.*, 279. 

-benedicta, Pigs.*, 280. 

-Gussonei, Pigs., 279. 

-hibernica, Pugs, 279. 

-patens, Pigs.*, 278. 

-vagaiis, Pigs.*, 279, 

berWrica, Pugs.*, 273. 
bicolor, Somm., 276. 

Hoissieri, llaussh., 306. 
brflcteosa, Pomel, 300. 
capreolata, Linn., 269. 

— var. albiflora, Hamm., 270. 
-Babingtonii, Pngs,, 270, 

— — condeusata, Ball, 270. 

— — de\ onieusis, Pngs., 270. 

-Ilochreutineri, Pugs.*, 270. 

-speciosn, Hamm., 209. 

cilicica, Hmtssk., 306. 
coocinea, Lour 274, 

dubia, Pigs.*, 272. 
fiabellata, Gasp., 266. 

Oaillardotii, Boiss., 265. 
indica^ Pngs.*, 313. 


Fumaria 

indica f. montaua, Ihigs.*, 814. 

Jankee, liaussk., 310. 
judaica, Boiss., 267. 

— \ai insignia. Pngs.*, 267. 

Kralikii, JonL, 298 
mncrocarpa, Pari, 268. 
maorosepala, Bom.. 273. 
major, Bad., 203. 

— vai. alirorica, Pugs.*, 264. 

-spectabilis, Bony, 263. 

Martiuii, Clao, 282. 
inicrantha, Lag , 299. 

— var. dubia, Pugs.*, 299. 

-littornlis, Bouy ^ Fouc., 300. 

miorocarpa, Boiss, 312. 
miorostachvs, 306. 

montniia, .7. A. Schmidt, 297. 

Miuibyi, Boiss, iS* Bent., 281, 
iimralis, Sand., 286. 

— siibsp. Borspi, Pugs., 287. 

-var. ainbigua, Pugs., 288. 

— --britannica, Pugs., 288. 

-gracilis, Pugs., 288. 

-hispanica, Pugs.*, 288. 

-longibracteata, Pugs., 288. 

-neglecta, Fugs., 287. 

— var. decipiens, Pigs., 286. 

-beta, Lowe, 286. 

-Lebelii, Bouy Fouc., 280, 

-Lowei, Pigs,. 286. 

oqpidentalis, Pigs., 261, 
officinalis, Linn., 302. 

— var. densiflora. Pari, 804. 

-elegans, Pugs., 304. 

-minor, Koch, 308. 

-Wirtgenii, Haussk,, 808. 

Painteri x, Pugs., 289. 
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Fumaria 

parviflora, Xaw., 322. 

— f. Vivianii, 323. 

— var. acuminata, Claw, 325. 

-glauca, Clav.^ 324. 

-indicoiden, 325. 

-latisectn, Ilaussk,, 323. 

-persicR, Puf/s*, 324. 

-sinaitica, Ransmk,, 825. 

-Symei. 323. 

Petteri, Uemhb., 200. 
purpurea, Pttgs., 272. 

— var. brpvi‘^cpnlii, 272. 

Reuteri, Jiom.^ 205 
rostellata, Kvaf, 301. 
rupestrifi, <S'* 201. 

Schloicheri, iS'o//.- Will., 310. 

— var. snpina, Puga.^, 310. 
Sclivammii, IHigw*, 319. 

— var. orieiitali^, Pitf/s.*^ 310. 
sepium, Bom.^ 284. 

— var. p-flditnna, P/h/k*, 28i. 
3'liurotii, Bom., 292, 

— vnr. deflexa, 7V;s *, 29.3. 

-Ileldreicliij, Bom., 293. 

-pikerminna, Pugs,*, 294. 

-tliasia, Pugs.*, 205. 

Vaillantii, Loi^., 31.5. 


Fumaria 

Vaillantii, var. Chavinii, Bouy Sr Pouc.^ 
310. 

-conferta, Ji(umh., 316. 

-venetica, Pugs.*, 317. 

Uupicapiioa, Prmel, 328-352. 
africann, Pug^.*, 343. 
caput-plat«l(*H‘, Pomel, *‘140. 
cerefolia, Poutcl, 340. 

CoHsonii, Pugs.*, 338. 
decipiens. Pugs*, 345. 

— ^ar. inauiilanifa. Pugs.*, 345. 
deli cat Ilia, PvmH, *332. 

erosR, PouicJ, .341. 

— var. major, Pugs.*, 342. 
lougipf^fj, Poiuel, 332. 
luuricaria, Pomei, 331. 
numidica, Pouul, .3.37. 
ocliracHR, Pomel, .351, 
oraneii.'^is, Pugs.*, .350. 
platvceiitia, Pome/, .340. 

Ponudiaua, Pugs *, .348. 
pi«*ternii‘*''a, Pugs.*, .3.3.‘>. 

Reboudi.iiia, Pome/. .‘».30. 
^arcocapnoides, Pou.d, 3.35. 
specioaa, Pomel, .*147. 
sublaivi‘«, Pugs.*, 3.‘{4. 
teiiuifolia, Pomel, 3**19. 
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, A Hybrid Stachf/s, By C. E. Salmon, F.L.S. 

(With one Text-figure.) 

[Read 17th January, 1918.] 

For soifie years I have gjrowii in iny garden Stachj^s tjermamca raised from 
OxfordsIi!re S(*e<l kindly ^ivon me by Mr. S. 11. Bickliaiu (sec Watson Bot. 
Ex. Club Rep. 1912-1.*}, p. 40.5), and close l)y several floiirisliin^ clumps of 
Stachjjs aljntia which came to me from Mr. d. W. Whitc^s garden at (vlifton, 
and whose origin was the only British station in West Gloucestershire 
(Journ. Bot. 1897, p. m ; 1898. p. 209). 

Early last summer I noticed, in close ])roximity to the above, a 
particularly vigorous plant sending up several siems and bearing root-leaves 
that in colour and hair-clothing could be neither those of ffcrmanica nor 
atpina, and later, when the plant was in full bloom, which occurred just 
after the period v^hen A aJpina was at its best and before that of 
/S', (jermanica^ it became oi)vious that 1 had an interesting hybrid betw^een 
these two species. 

The colouring of the plant, as a whole, was almost intermediate between 
the silv(‘rv-grey tone of ijinnatnea by the abundance of its white 

silky tomentum) and the comparatively green tint o\' alpiua. 

On its strong stout stems, between three and four feet high, overtopjung 
both its parents (as they grow in my garden), an abundance of bright flowers 
were borne, larger than those of either aJpvia or (jermamva and of a different 
colour. Those of alphui are of a dull purple, inclining to brown, and 
germanica has corollas of a decidedly pleasing pink tint ; tlie flowers of the 
liybrid were clear bright purjde, slightly paler near the throat. 

The next step was to ascertain wdiat was known and had been written 
about this hybrid, and 1 found it had been described as long ago as 1789 
when William Aiton (fben of the Royal Gardens Kew) gave it specific rank 
aa Stachps intermedia, with the following diagnosis;—‘SS. verticillis multi- 
floris, calycibus subpungentibus, foliis oSdongis subcordalis crenaiis, caule 
sublanato Oblong-leavM Stacliys. Nat. of {/arolina. Introd. about J762. 
FI. June & July *. 

This description is very good as far as it goes, but there must be some 
error as regards the country of origin ; neither S, (jermamva nor 8, alpina 
•(and consequently the hybrid) are known to occur in America. An 
authentic specimen, probably sent by Aiton himself, may be seen in the 
British Museum Herbarium labelled: /S', intermedia. Hort. Kew. Julio 
1764,” and this matches my examples extremely well. 

* TIort. Kewen.sifl, ii. 301. 
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Bmce the above \sii^ written, Mr. Britten kindly examined this fcppcimen 
and reported that after the words ‘‘ S. intermedia ” on the sheet, some 
writing I could not decipher was certainly and that this refers to 

the Solander MSS. in which the description is found and upon which 
**Hortuis. Kewensis,^^ ed. 1. was based. Mr. Britten added this interesting 
note :—The name on the sheet mid the description in the MSS. (vol, xiii. 
p. 67) are entirelj in Solander^s hand, so that if you like, you can cite the 
plant as of [Solander in] Aiton, Hort. Kew\ ii. 301. 

** Solander, in his MSS., added, later than the description^ ‘ 1764 in Carolina. 
Oatesby.^ (^nsequently I hunted up Catesby^s plants and in Herb. Sloaue 
2il2, f. 29, T found his specimen, also named by Solander .... Whatever 
this may prove to be, the Kew Gardens plant is the t} pe of S* intermedia as 
the reference to Catesby was added later.” 

I have looked at this American plant and believe that it is a broad-leaved 
form of Stachys palustris, a frequent species in the Southern States, whereas 
S, ffermanica and alpina are unknown there. 

I presume that the plant that occurred in my garden used to be in cultiva¬ 
tion at Kew, as it is included in the Kew Handlist of Herbaceous Plants, 
ed. 1, p. 445, 1895 (as S, alpina^ L., var. intermedia)^ but it has apparently 
died out and is not mentioned in the 1902 (2nd) edition. I cannot find the 
plant included in any of our nurserymen’s catalogues that I have come 
across, nor have I seen it in any gardens with which 1 am acquainted. 
Nothing is known of it at the Cambridge Botanic Gaiden. 

On the Continent, however, where the two paieiits are raoie widely and 
abundantly distributed under natural conditions, the hjbrid is apparently 
of quite frequent occurrence in gardens. M. liouy slates that it is often 
cultivated in gardens (FI. Pr. xi. p. 308, 1909), and M. Corrovon, the well- 
known horticulturist of Ch6ne-Bouig, Gene\fi, wiites :—“They all cioss 
very often even in nature. We have m Switiseiland alptno-lanala and 
alpino^germanica.^^ 

Briquet has an interesting note, under S, alpina in his “ Labiees des Alpes 
Marit.” par. 2. 240, 1893, where he mentions that it crosses particularly 
readily with S, gemianica^ giving rise to a series of intermediate plants, 
usually sterile, of which many are cultivated in gardens on account of their 
beautiful spikes of flowers and velvety foliage. 

He mentions the various names that have been given to these hybrids, and 
remarks that although no specimens have yet been found in his district in 
a wild state, it is quite likely to occur, as the parents are both found. 

He explains Bentbam^s remark in DC. Prodr. xii. 465 : “I see no definiti 
limit between S. germanica^ S. lanata, and.... S', alpina*^ owing to the 
fact that that author recognized no hybrids in the genus Stachys, 

Bony (1. c.) has attempted to segregate the hybrid accordingly as it varies 
towards one parent or the other, using the name mtemnedius, Ait., for the 
aggregate plant, with synonyms S. sibirieay Link, and S. rosea^ Hohen. 
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The form which approaches the germanica parent he called digeneus 
nob.”, founded upon the S. digenea^ Legiie {in Bull. Soc. Bot. Fr. xl. p. 213, 
1893), and to this he assigned the synonyms S. germanica var, intermedia^ 
Boiss., and S, curmflora^ Tausch. 

The form which has more affinity with S. al/nna^ liouy called para^ 
doxus noh/\ which ho considered synonymous with S.alpina vur. intermedia^ 
Benth., and, doubtfully, S. nriictfoHa, Tausch. 

If we follow Rouy, my plant must be placed under his «. digeneus^ as 
it possesses a preponderance of the characters of germanica and agrees 
satisfactorily with M. Legue^s original description (/. c.). 

As regards the synonyms mentioned by the authors quoted above, the 
following notes were made when endeavouring to work out my specimens at 
the British Museum. 

S. sibirica^ Link.—This is described in Enum. Hort. Bot. Berol. pars 2, 
p. 109 (1822), and from the description it is possible it may refer to the 
hybrid under discussion, but if the figure in Sweet, Brit. FI. Garden, i. 1.100 
(1825) correctly portrays Link^s plant (and it is so labelled), then that is a 
form with remote whorls of flowers even at the summit of the stem, and the 
clothing of the plant less silky in nature than in my specimens. 

Reichenbach’s Ic. (^rit. iv. t, 328 also figures the S» sibirica of Link, but 
that again differs from my plant in many respects, which tallies far better 
with t. 327 in the same work, label ed <8*. intermedia^ Ait. 

8, rosea, Hohen..—Boissier (FI. Orientalis, iv. 720, 1879) gives this as one 
of the 8ynonym«» of his S. germanica var. intermedia, and indicates that he 
has seen a type-specimen. It must not be confused wdth the S, rosea of the 
latter author {op. cit. 725). Hohenacker^s description (Enum. Talysch, 3(H), 
1838) is meagre in the extreme, practically a nonien nudum,” and I have 
not been able to see any specimens. 

S. alpina., L., var. intermedia, Bentham in DC. Prodr. xii. p. 465 (1848). 
This has a short description—“major, foliis rugosioribus subtus interduni 
sublanatis,” and a large number of synonyms. We cannot, I think, 
conclude as Rouy has done, that because the “ variety ” is placed under 
alpina it indicates a form of the hybrid that approaches more to that parent. 
Indeed, Bentham adds—“ An ad 8. germanicam melius referenda ?” 

Of the synonyms ho gives, two strike me as being remarkable— 
“ S. cretica, Linn. spec. p. 812, fide descriptionis. S. orientalis, Linn. spec, 
p. 813, fide exempl. Tournef. in h. Banks.” 

As regards the former, Index Kowensis (ii, 972, 1895) indicates that 
S. cretica, L., Sp. pi. 581 (the Bentham synonym refers to ed, 2 of Sp. pi.) 
equals germanica, alpina ” ; the Linuean description, however, will not do 
at all for the hybrid under discussion, but seems to correspond with the fine 
figure in Sibthorp, FI. Greeca, vi. t. 558 (1827) labelled & cretica. 
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CoDiceming S, orientalise here again Ind. Kew, (op. cit. 973) refers the 
Ltnnean plant to alp/na ”; neither the description nor the plate in Sibthorp 
{op. cit. t. 5(50) of /b>. onentalis bears this out. Moreover, the Tournefortian 
example in Herb. Mus, Brit,, quoted by Bentham, is clearly not of close 
relationship with germanicuy alpina^ or intermedia. 

S. germanica, L., var. intermedia, Boiss,—I think it is clear from the 
ilescription given {loc. dt.) that Boissier would include under his name that 
form of the hybrid which shows more obviously the germanica parent. 


It might be possible to arrange the rather puzzling synonymy of the 
hybrid and the \arying forms as follows 

The aggregate ” hybrid : 

8. dbirica, Link (1822). 

8. alpina, L., var. intermedia, Benth, (1848) 

S. alpinaxgermanua, Briq. (1893). 

“ Segregate A ) 

(neaier germanica).) 8. mtermedia, Sol. in Ait. (1789) *. 

8. (urrif/oray Tausoh (1831) (fde Rouy), 

8 cosea, Hohen. (1838). non Boiss. 

8. gecmanua, L, var. intermedia^ Boiss. (1879). 

8. digenea, Leg lie (1893). 

8. int(rmedinSe Ait., \ar. digeneiis, Rouy (1909). 

Segregate B ) 

(nearer alpina). f 8. parado.ra, Rouy (1893). 

? 8. tirtm/oHa,TLii\is(Ai (1831). 

8. intermedin.s, Ait., var. parado.rns, Rouy (1909). 


It may perhaps be of interest to record in tabular form the characteristics 
of my hybrid as compared with the corresponding features of 8. germanica 
and aS. alpina, obser\ed from growing and dried material: — 


8, germanica 

Plant c 7o cm in height or 
more. stem covertjd with 
abundance of dense 
white silky + spreading 
puliescence No plnudular 
hairs W'hole plant not 
strongly scented and silvery- 
g^rey in appearance 


8 digenea, 

lant c 107 cm. in height or 
more, stem provided witli 
copious white silk\ + 
spieoding pubescence mixed 
with shortei glandular 
hairs. Whole plant scented 
as in alpina and grey-green 
in appearance. 


8, alpina, 

Plant c. 00 cm in height or 
more; stem hairy with + 
spreading hairs, the shorter 
ones (particulaily near sum¬ 
mit of stem) glandular. 
Whole plant with strong 
8 syloaticaAiik^ scent and 
green m appearance. 


* It is not the 8, intermedia of Tenore (PI. Nap, i. p. xxxiv, 1811-15), which 
8 heraclm, as Tenore himself afterwards admitted. 
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S. gef'manica. 

Leaves (.bHsal) ovate-oHong, 
acute, provided with dense 
white silky non-gland uIhi* 
pubewenoe (and thus grey¬ 
ish in appearance) more 
abundant on lower surface; 
petioles similarly clothed. 
Upper leaves and bracts 
ovate- or linear-lanceoUte, 
decidedly more (lenstdy 
silky than basal. 

All leaves lhi(‘k in tex¬ 
ture. 

Flowers in whorls forming a 
dense terminal s])ike ^^ith 
a few separated whorls 
below. 

Calyx 10-11 nun. long, 
obconic, teeth triangular- 
acuminate, usually rather 
shorter in proportion to 
calyx than tliofe of alpina. 
Whole calyx (and teeth) 
clothed witli long white 
ascending silky hairs, with 
sessile glands but no glan¬ 
dular hairs. 

Corolla pale purple or rose- 
pink; upper lip arched, 
c. I ns long as calyx, with 
long white silky hairs pio- 
jecting considerably beyond 
tip ; lower lip slightly 
longer than upper, + entire 
or crenulate. 

Hairs in corolla - tube 
about halfway down. 


Stiyma white. 

Ripe seeds smooth, almost 
black (blackish brown), 
c. 2 mm. long. 
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8, digenea. , 

Leaves (basal) ovate-oblong, 
i obtuse, green and hairy 
above, usually grey-green 
below with hairs and + 
silky pubescence and also 
sessile glands; petioles 
more silkily hairy than in 
alpimi. Upper leaves and 
brads narrower than in 
alpina and broader than in 
yermaaica, decidedly more 
silkily hairy than basal. 

licnves slightly thick in 
texture. 

Flowers in whorls laxer than 
those of (fermaniea and 
clo.ser near top of spike tlian 
those of aljnna. 

Calyx 10-12 mm. long, ob¬ 
conic, teeth triangular- 
acuminate, as ill germanica, 
AVIiole calyx (and teeth) 
clothed with long white 
asc(*nding silky hairs, not 
quite so dense as in yer^ 
manica, with 8e.s8ile glands; 
short glandular hairs pre¬ 
sent on calyx-teeth, rarely 
on tube. 

Corolla bright purple, paler 
near throat, larger than in 
germanica or alpina ; upper 
lip arched, c. J as long as 
calyx, with long white 
liair.«. (not quite so dense 
as in get'tnmica) projecting 
considerably beyond tip; 
lower lip considerably 
longer than upper, + entire 
or crenulate, broader than 
in germanica or alpina. 

Hairs in corolla-tube 
about } way down. 

8tign%a almost white, faintly 
tinged with purple. 

Ripe * seeds rather more 
coarsel}' rtigulose than in 
alpina^ brown, c. 2| mn*. 
long. 

Only one seed usually 
fertile in each calyx. 
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8. alpina. 

Leaves (basal) ovate, obtuse, 
gi'ecn, paler on underside, 
hairy above, rather less so 
beneath where there are 
sessile glands; petioles 
hairy. Upper leaves and 
bracts ovate-acute, only 
slightly more hairy than 
basal. 

Leav es thin in texture. 


Flowers in whorls almost all 
separated, with a few aggre¬ 
gated ones at summit. 

Calyx 10 11 mm. long, cam¬ 
panil late, teeth broadly tri¬ 
angular (more abruptly 
point<‘d than in germaniea) 
acuminate or miicronate. 
WIioIh calyx (and teeth) 
hairy with ascending- 
patent hairs, mixed with 
shorter glandular ones; 
sessile glands also present. 

Corolla dull brownish-purple; 
upper lip Bat, c. J as long 
as calyx, with dense hairs, 
shorter than those of ger^ 
7nanicaf projecting beyond 
tip ; lower lip considerably 
longer tlian upper, + cmar- 
ginate. 

Hairs in corolla-tube near 
the base. 


Stiyma purplish. 

Ri 2 >e seeds usually minutely 
and irregularly rugiilose, 
brown, c. 2f mm. long. 


2h 



MB, 0. K. SALMON ON A HYBRID HTACHVS. 


„ If one sntns up the various (IJfferences enumerated above, it will be seen 
ihut by far the larger proportion of the eharacters of the h,y brid in my garden 
ilire those of gennanka rather than alphta, the last-named showing itself in 
^1) the strong peculiar scent of the leaves^ (2) the presence of glandular 
hairs, and (3) the characteristic seed. 


Fio. 1. 



a iitachgs t/ennanuaf llowei and seed. 

b. K thgenea, ditto 

c. iS, alpmuy ditto. 

All enlarged. 

It is, I think, rather a remote hope that the hybrid described may be 
found in a wild state in these islands, for the oiil\ station for btadufs alptna, 
which is in West Gloncestershir<^, lies some 30 miles away, in a west-south- 
wosterly direction, from the nearest k^o^^ u locality for germamca in 
Oxfordshire. 

I do not know, however, the limits as regards fho carriage of pollen by 
insects and the distances proved to have been covered. 

I wish to thank Mr. Britten, Mr. Sknn, and Mr. J. W. White for help 
in the preparation of this note, and to say that I shall be happy to supply 
s^eds of the hybrid as far as the stock will allow. 
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A Revision of some Critical Spe(*ies of Erhlum, as exemplified in the 

Liiinean and other Herl)aria ; with a Description of Echlum jiuUvumy 

a new Species from Palestine. By C. Lacatta, F.L.S. 

[Read 6th June, 1918.J 
Introductory. 

The five pa]>ers collected under the above title are offered as a quarry, from 
which any future monographer of the genus Echinm may dig material, 
I'hey are :— 

1. Five Critical Species of Echium : E. jnchrurrij mihi, E. australe^ 

Lam., E, Coincjjanum^ mihi, E, p^/^nanthurriy Pomel, E» salman-- 
ticvm^ Lag., pp. 360-379. 

2. The Genus Echium in the Herbaria of Tournefort, Jussieu, and 

Lamarck, pp. 379-384. 

Jb The Echia of Sibthorp’s Herbarium, pp, 384-392, 

4, The Linnean Species of Echium^ pp. 392-427. 

5. The Echia of Miller’s ‘ Gardener’s Dictionary,’ pp. 427-438. 

The European Echia have been very badly treated by Linna?us. Out of 
the nine sj)ecies mentioned by him or existing in his herbarium, one, 
rHhrum, Jacq., though represented by no less than three specimens, seems 
entirely to have escaped his notice, the older synonym for it being twice 
quoted, but each time under a different species. Two others, creticam and 
violaceiwi, are such hopeless entanglements of contradictions that neither 
name can be used and both must be abandoned. Lusitanicum^ though 
recognisable with certainty from the synonyms and the specimen, is grossly 
misdescribed. There only remain valgare^ itaJicitm, jiyvenaicum^ and plaata-- 
ffineum^ of which the descriptions are quite clear, though with regard to the 
last three tedious discussions are necessary to clear away the cobwebs spun 
by later botanists. 

Subsequent authors never studied this genus seriously till de Ooincy took 
it in hand. His valuable papers, some of them posthumous, are scattered in 
Morot’s ‘ Journal de Botanique,’ in Bull. Herb. Boiss.,in Act. Congr, Internat. 
1900, and elsewhere. His death was a grave loss, but unfortunately he 
never consulted the Linnean specimens, or those of other old herbaria in 
England, nor does he quote a sufficient number of well-known exsiccata 
to make his views quite clear in all instances. J have been obliged to difler 
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witb him altogether in the cases of E. australe and pyvenaicum^ and to 
a iesaer degree in regard to E, /mstulatvm* He seems to have devoted most 
attention to the species of Algeria, hut his chief discoxery was the difference 
in the arrangement of the scales in the corolla-tube, from which the veins 
take their origin. In accordance with this he divides the genus into the 
Sections Gamolejns and Eleuthervlejns (“ Sectionnement du genre Ectiium ” 
in Act. Congr. Internat. Hot. 1900, pp. 346-350), though admitting that one 
or two species, particularly E, maritimum^ Willd. {E. vovfumm^ Coincy), 
are ambiguous and variable in respect of that character. 

The btructnre of the inflorescence in the genus Echium was studied by 
Kaufmann (see his paper Ueher die Entwickelung der Cyma scorjnaidea 
bei den Borragiiieen in Bot. Zeit. xxvii. p. 886, 1869). What the older 
authors called “ spikes in this genus are really what the Germans term 
“ Wickeln.^^ The Latin cincinnus is employed to express the same idea, but 
I do not find that any satisfactory English equivalent has come into use. 
“ Curl,” which is tlie literal translation of cincinnus does not exactly corre¬ 
spond to Wiclel* I would suggest “ furl/^ which is all the more suitable 
because, not being a word in common use, it does not suggest any false 
connotation*. At any rate, the \erb ‘‘unfurl’^ exactly expresses what 
happens to the cincinni as they develop from bud to truit. The word 
‘^cyme,^^ used by de Coincy and other moderns, is not suitable, for, 
although the structure is one of the cymose arrangements, the word itself, 
as applied to the visible result of the structure, conveys to the mind a 
picture very different from that presented by the inflorescence o(‘ any 
Echium, 

De Ooinoy, in the same paper on ‘‘ Sectionnement,^’ and in his note on 
E. simjflex in Bull. Hb. Boiss. 2, iii. p. 276 (1903), has given an admirable 
account of the arrangement of the flowers in the cincinnus^ explaining how 
the difference in the several lacinise of each calyx depends on the exact 
position of the flower relatively to the rachis, on wliich their disposition is 
distichous and subunilateral. 

Most European species of Echium have been described as biennials, 
though (/outinho, FI. Port (1913), more judiciously marks them O or cf 
with the exception of lusitanicum (Broteri)^ polycaidon {salinanticum), and 
Tosulatum^ which are certainly perennial, and parviforum, which always 
annual. But arenaritnn^ australe^ dacnm^ grandijiorntn^ italicum, plantti^ 

♦ I must enter a protest against the grm;iing pedantic misuse of the term ‘‘connote/’ 
especially by writttr» on scientific subjects, in the sense of plniu Knglish “mean” and 
occasionally even iu the sense of “ denote.” The name Echium denotes all the plants of the 
gends, but connotes the generic characters. The use of the word as an English logical 
term was introduced by James Mill, and is explained in Mill’s ‘ Logic/ i. 2, § 5. Connotare 
was used by the schoolmen in the l4th Century, but not in the piecise sense of the Mills. 
See, farther, in Murray’s Eng. Diet, sub >oc. connotate re ” and “ron/iofc,” 
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ffineumj pompotnum, pustulatum^ pf/renaicmn^ ruhram, tvbercuJatmn^ nnd 
vulgare 3 eem to behave as annuals or hieninals, according to circumstances. 
In December, 1917, I was able to ol)sor\e carefully large numbers of 
italicwH, pyrenaicum^ planlayineiini, and pustnlatnm around Home and near 
Taranto. Jn every case 1 found that the plant which had flowered in the 
summer was a dead skeleton with a rotten root. There were no living plants 
of any of those species, except baby seedlings which would undoubtedly 
flower and perish in their turn within 12 months. But in cultivation, and 
in climates with a less prolonged summer drought, the evidence seems to 
point to a biennial habit, with two possible flowering seasons. Kchium 
anyttsfifoliinn, Mill., on the other hand, appears to have taken the opposite 
course, for whilst Miller grew it as an annual at (''helsca, we are assured by 
HaMcsy that in Greece it (7^. elegans) is perennial. 

The presence of hairs on the filaments, an excellent distinctive character 
for one or two species, has been made too much of by de Goincy for certain 
others, in which the hairs are very obscure and very few, and not constantly 
present. On the other hand, he has perhaps underrated differences in the 
nucules, which serve to separate true vulgare from its southern substitutes. 
The size of the corolla can only be used with reservation as a specific 
character, for in most, if not all, the species, sexual variation affects the size, 
sometimes to an extreme degree, as in so-called E» Wierzhickii and in the 
pistillate form of E. setosum, Vahl. Golour is more reliable, but dangerous 
to depend on in dried specimens, especially if these have been exposed to the 
action of any acid. And it is to be borne in mind that the blue kinds often 
throw white or pink individuals. 

Echiiim nibruui stands by itself on account of its undivided style with 
a capitate stigma. It is strange that this character should not have been 
noticed by Jacquin himself or by De Candolle in the ‘ Prodromus.’ It would 
be an exaggeration to create a new nioiiotypic genus on this ground, but it 
necessitates some modification of the received generic definitions of Echivm, 
De C/andolle, Prodr. p. l(i, says: ‘‘stigma bipartitum, stylo nempe apice 
bilobo, lobis filiformibus ; the accurate Bentham, in Gen. PI. ii. p, 863, 
“stylus filiformis, apice breviter 2-fidns, stigmatibus parvis.^' Giirke in 
Engler’s ‘ Pflanzenfamilien,’ iv. 3, p. 128, merely translates Bcntham’s Latin 
into German, without addition or subtraction of a syllable. 

In the course of my researches I have seen all the specimens of the genus 
in the following herbaria, beMdes my own :— 

]. Kew, 

2. British Museum, 

3. Sibthorp^s, Sherard’s, and Dilleniu^^s plants at Oxford. 

4. The Bailey herbarium now in the Museum of Manchester Uni¬ 

versity. 
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5. Herb. Mus. Pari*«, including the collections of Tournefort, Lamarck, 

Jussieu, and de Uoiucy. I had not time to go through the speci¬ 
mens of herb. Cosson, now at the Museum, which are indispensable 
for Algerian species. 

6. Herb. Bonaparte which mctedes herb. Rouy. 

7. Erbario C^entrale Italiano at Florence, and Desfontaines^s specimens 

in herb. Webb. 

8. The herbarium of the University of Rome. 

9. Tenore^s and Gussone’s herbaria at Naples. 

I have been sent a few specimens through the kindness of M. Sudre of 
Toulouse, Prof, (voutinho of Lisbon, and Prof. Henriques of Coimbra. To 
these gentlemen I must express my gratitude, and above all to M. Henri 
Lecomte and bis assistants at the Paris Museum, and to Prince Roland^^ 
Bonaparte, who so generously allows access to his magnificent collections. 
My thanks are also due to many in Italy and at home, particularly to 
Dr. Daydon Jackson, whom I have troubled with endless small inquiries, 
and to Mr. Wilmott at the British Museum for the assistance of his younger 
eyes and for counsel, perhaps not always followed, as to technicalities of 
nomenclature. 


I. 

FIVE CRITICAL SPECIES OF ECIIIUM. 

EoHIUM JUDiEUM, sp. nov. 

Among the specimens of Evhium from Palestine in the herbaria of the 
British Museum and Kew are several labelled plantaginenvi (or violat eum in 
the same sense), although differing altogether from that species in their 
indumentum, which is not homogeneous but dimorphous, in the shape of the 
bracts, and in <he corollas which are more obliquely cut, but less wide at 
the throat, and covered with soft pubescence instead of being glabrous with 
only some long hairs on the veins and cilice on tlie margin. In fact, the 
neaiest species is not E* plantagimvm but E. grandiflorumy Desf., to which 
JC, judietnn bears a considerable resemblance, but the filaments are glabrous, 
at any rate, as seen without the microscope, whereas in grandifloritm they 
are constantly furnished with scatteretl transparent hairs, longer than the 
breadth of the filament itself. 

B. judmm, mihi; Sect. Eleutherolepis, Coincy. 

Radix fusiformis illm E. vulgaris similis. Oaules plerumque simplices, 
erecti, c. 35 cm. alti, indumento dimorpho, sc, pubescentia creberrima, 
brevi, grisea, et pilis longioribus, sparsis, albis, substrigosis. Folia 
radicalia (in exempl, unico ex Hieiosolyuia prsesentia) petiolata, ovalia, 
medio nec hm latiora, 14x4| cm.; penninervia, nervis utrinque 6-8, 
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ante inarginem evanidis, non anastomosantibus ; caulina inferiora petio- 
lata, anguste elliptico-oblonga ; 5-10 cm. longa^ 1-2 cm. lata ; suprema 
sessilia, s«epe exacte lanceolata. Foliorum indumentum caulino simile, 
sed pilis rarioribus tuberculo mediocri insidentlbus. Tubercula niagis 
quaui in K. yrandlfioro conspicua, illis E. pusiuhiti minora. Tnflores- 
centia e cincinnis axillaribus simplicibus qnaquavorsis constans, virgineis 
valde scorpioideis, in fructu elongatis erecto-patulis. Flores in cin¬ 
cinnis 20-40, sessiles, disticlu sed unilaterales, bracteati sed infiiuo sfepe 
ebracteato (folio caulino supposito bractea? officio functo), initio eonferti, 
serins inter se remotiusculi. Bractefc lanceolata'; nonnulla' basi paruin 
latiores at in acumen prodncia?. Calyx sericeo-pilosus, pilis albis, usque 
ad 2-3 mm. longis, pro genere mollibus, baud aut vix strigosis ; lucinia' 
lineares, usque ad 12 mm. longm, sed tubo corollino multo breviores, 
post aiithesin non ampliaisB nec (ut in E. amtrtio) longe concrete, tubo 
tantuin in fructu incrassato. Corolla ore oblique, ilbc E, p'amlifiori 
baud absimilis, in sieco 3-4 cm. longa; pubescentia minuta, albo-grisea, 
et. secus nervos pilis nonnullis longioribus vestita, margine non ciliata. 
(^olor in sicco violaceo-purpureus vel fasciis roseis et palHde caeruleis 
al tern anti bus. Stamina inclusa, vel duo longiora ultra labium inferius 
brevissime exserfca, filamentis glaberrimis violaceis, antheris ovoideis, 
impuberibus anux'iie cjeruleis, serins lutescentibus. Stylus birsutius- 
culus, violaceus, apice ad circa 2 mm. (multo minus profiinde quam in 
E» amfpjw) bifid us, initio vix aut purum exsortus, postea elongatus. 
Nucubc videntur (perfectas non vidi) parvic, 3 mm. longjc, ajdculatR', 
latere interiore acute carinabc, tuberculato-rugosae, pallid?©. Herba 
exsiccatioiie virido-grisea, nee, ut in E. grandifioroy tabacina. 

Differt ab E. grandi/foro, Desf.:—fl) Foliorum tnborculis majoribus ; 
(2) Bracteis lunceolatis nec lato basi ovatis aut subbastatis ; (3) Pilis 
cincinnorum multo copiosioribus, albis. longioribus, moliioribus, vix strigosis; 
(4) Calycis laciniis longioribus; (5) Filamentis glaberrimis; (6) Herba 
exsiccatione non tabacina. 

Ab E. plantagineo^ L. (etiam Pabestina? incola) longius distat indumeuto 
dimorpho, foliis caulinis bracteisque basi non semiamplexicaulibus, corollis 
magis obliquis sod fauce minus dilat?ito, passim pubescentibus, non vero 
ciliatis, staininibus brevioribus. 

Habitat in Palsestina. Exemplaria vidi sequentia in herbariis Kewensi 
et Musei Britannici. 

1. Jerusalem, Haram Court; leg. M. J. Fox, ii. 1867 (nom. E, riolareo). 
2* Kallirhoe ; leg. W. A. Hayne, iii. 1872 (nom. /J. nolaceo). 3. Magdala; 
leg. B. T. Lowne, 1863-1864 (nom. E, violaceo). 4. Jericho in desertis ; 
Bornmiiller, It. Syriacum, 189Y, no. 1136 (nom. E. plantagineo). 5. Jericho 
in stony places ; Plant. Falsest. Maris Mortu ; leg. Meyers & Dinsmore 
(nom. E. plantagineo). 6. Beirut; PI. Syritc littoralis ex herb. Postian, 

no. 234, v. 1875 (nom. E, plantagineo). 
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Bchium AUSTRALE. 

What is EcUnm amtrah, Lara. III. i. p. 412 (1791) ? De Coincy, in 
Morots Journ. Bot. xiv. p. 326 (1900), identifies it with a plant from 
southern Spain, which I shall call Echium Coinct/anmn^ distributed in 
Bourgean’s exsiccata for 1849, no. 334, and for 1852, no. 1625. In a foot¬ 
note he remarks, *‘(Jetfce espece a etc confondue taniok avec VE, crelicam^ L., 
tantdt avec le yrandijiorum^ tantufc avoc Vany^istifolium, Lam. ou Salzm., 
tantot avec le pntvlafum laxum^ Herb. Boiss.” In spite of my great respect 
for de ('oincy’s knowledge of the genus Echium^ of which he has been the 
only serious studenfc hitherto, I cannot doubt that in this case he has himself 
only increased the confusion, for Lamarck's species is quite unlike the 
Bourgeau specimens, being, in fact, a garden form identical with <he specimen 
of creticum in the Linnean herbarium and undoubtedly derived from some 
variety of E. yrandiflorum^ Desf., probably from that which is found on the 
borders of France and Spain. 

Consequently, the names E. yrandijlornm^ Desf. (1798), and E. macran^ 
thitm, Roem. & Sch. (1809) f, mu&t be rejduced by that of Lamarck, which, 
moreover, cannot give way to E, creticum, L., for, although the Linnean 

♦ 8ee my paper on the Bchia of hb. Linn , p. 396. 

t The name of grandiflorum for Desfontaiues’s species wn^ altered to imcrmthnm by 
Koemer nnd Sclmltes, Syst. iv. p. 20 (1819), ‘*ob E. grandijlorum antiquius Andr et Vent.” 
llou;^, FI. Fr. x. p. 309, adopts this alteration, also quoting the still enrfier E, grandijlammy 
Salieb. But E. grandifionmx, Selisb. Prodr. p 11.5 (1796), was only proposed by him as an 
equivalent for E, orientak, L. It was therefore still-born and must be ignored. E. graudi- 
florum, Andr. Bot Rep. tab. xx. dated May let, 1798, is identical with E. furmosum^ I’ers. 
Syn. i. p. 163 (1803), now referred to a ditteient geuus as Loboeiemon formotm^ Lehm., and 
E. gmndijlomm, Vent. Malmaison, p. 97 (1803), is identical with the grandijlomm of 
Andrews. 

The preference of Andrews’s name is baaed on the assumption that it wn*» published earlier 
than the first volume of Desfontaines s ‘ Flora Atlnntica.’ But of this 1 have not been able 
to find any evidence. Many copies of the ‘Flora Atlantica’ bear the date ‘‘anno VIII” 
on the titlepage of both volumes, which has led to that work being referred to the year 
1800, These titlepages are false. Earlier copies—for instance, that of the Linnean Society— 
beai‘ the date “ anno sexto reipublicsB gallicae ” in both volumes, which is untrue for voL ii. 
Evidence of the true dates is to be found in Cat. Bibl. Banks, vol. v.—itself pubUsbed in 
1860, wheiHi at p. 71 the first vol, is said to be of “ an VI ” and at p. 214 the second is 
referred to “ an VH.’* Moreover, on p. 458 of the Linnean Society’s copy of vol. ii. there 
is a note in Sir J. E. Smith’s hand, “ Sept. 25, 1799,” pi'oving that that volume cannot have 
come out later than 1799. Now “an VI” ran from Sept. 1797 to Sept. 1798,80 that 
JE. grandifiorum in vol. i. p, 160, may well have appeared before May 1st, 1798. Neverthe¬ 
less, it is strange that Desfontaines himself, in Hist. Arbr. i. p, 177 (1809), should have used 
the name grandiflorum in Andrews’s aud Ventenai’s sense without any allusion to his own 
gmndifiormn. At any rate, the priority of Andrews’s name is so doubtful that, on the 
strictest interpretation of the rules, it doe** not justify the abandonment of so well-known 
and suitable a title as grandiflorum, Desf,, for the Algerian Echium, especially as its rival is 
a Zohoatefnm. 
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specimen is identical with Lamarck's type, E. creticum, Sp. PL, is an intricate 
and inextricable mixture o£ the species represented in the herbarium with 
the tot.illy different E. angnstifolium, Mill, (non Lam.), =7^. eler/ans, Lehm., 
and is therefore a iiomen confusum that cannot be employed for any 
species*. So much the better, for creticam would be an objectionable title 
for australe, which is not found in Crete or in Syria, whence Linnaeus says 
that he had his seeds of creticum. 

Probably de Coincy was led astray by the occasional occurrence of 
E. ausfrale with smaller corollas than those of the typical E, (jrandijivnim 
of Algeria ; indeed, neither Lamarck's nor Linntciis’s specimen has the \ery 
long corollas of that form, for which, if a distinctive name is demanded, 
I think it should be E. au&trale, Lam., forma macranthum (Roem. & Sch.), 
Uoutinho, or, perhaps better, forma grandijiorum (Desf.). But the corollas 
are similarly cut in both ; the difference in size is not specific or varietal, 
nor associated with different geographical areas. It is parallel to the 
variation in corolla-size, often, perhaps always, sexual, that is so well known 
in E, vuhjare, E, plantagineum, and E, maritimnm, and is most remarkably 
displayed in the Egyptian E, setosum, Vahl t* But not all cultivated 
individuals of austmle liavo the reduced corollas. Sweet, Bril. EL Gard. 
t. lOi (April 1, 1823), describes anti figures E. austmle raised from seed 
received from Germany under that name, shov^ing very long coixillas. 

E. austmle differs from E, Coiueganum in the much broader and differently 
shaped lea\es, ovate, or oval narrowing at the base, not oblong ; in their 
indumentum, which, though varying much in individuals, has not the soft 
pubescence,duvet tres tin of de Coincy, to form a carpet beneath the 
tubercle-borne setic ; and in the tobacco-like colour of the dried plant, 
whereas Coineganum keeps greyish. The corollas are differently cut and of 
a different colour, the rich red tinge of australe being traceable even in old 
^exsiccata. The filaments are conspicuously and constantly hairy; not 
pubescent, but furnishod with long, slender, flexiioso, scattered hairs, easily 
seen even/M sicco. Sweet, toe, cii., mentions ‘‘very hairy filaments,” The 
hairs on those of Coineganum are extremely scarce, not present in every 
flower, perhaps not even in the majority, and very difficult to observe in 
herbarium specimens. The fruiting calyces are much wider apart in 
australe, and the nucules remarkably large, as in Algerian grandiflorum, 
twice the size of those of Coineganum. It is unfortunately impossible to 
distinguish how much of de Uoincy’s elaborate description of australe is 
drawn from Bourgeau’s specimens, and how' much from Lamarck^s or others 
of true australe. 

Lamarck gives very short^ diagnoses of lii^ species of Ecliium ; of his 
no. 1860, he only says: “/?. australe foliis caulinis ovatis, utrinque attenu- 

* See my Echiu of hb. Lion., infra, p. 396. 

t bee de Coincy iu Morot, Journ. Bot, xv, p, (1901). 
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atid^ ^minibos corollam a$qaantibtis. Ex Eur. anstr. ? U, luiitanieum?** 
He is obviously describing a garden plant, whose native home he does not 
know. Scanty though the diagnosis may be, the description of the leaves is 
safficient to exclude with certainty E, CotncyanKm^ as represented by the 
Bourgeau exsiccate, which have oblong stem-leaves, wider or narrower, but 
not ovate nor attenuate at both ends. This character, in fact, excludes all 
European and Mediterranean Echia^ except E. grmidiflorum and E. rosulatum, 
Lange. 

Lei us follow the advice of Rouy, PI. Pr. x. p. 309, note, who, though he 
adopts de (5oincy’s wrong identification of avstrale with Bourgeau^s speci¬ 
mens, nevertheless recommends us to interpret Lamarek^s scanty diagnosis 
by means of Poiret^s good description in Diet. Encyc. viii. p. 672 (1808), 
which is so precisely applicable to Lamarek^s type of anstrale * and to the 
cretieim of hb. Linn, that it is worth transcribing :—“II y a de si grands 
rapports entre cette espece et VEcliium grandiflorurn^ (ju^on serait tente 
d’attribuer leurs diflTerences aux localites oti a la culture. Celle-ci a assez 
generalement ses iieurs plus petites et ses feuilles ])lus rndes. Ses tiges sont 
droites, hautes d^un k deux pieds, rameuses, parsemees de polls riides, 
allonges, cendrds ; garnies de feuilles ovales, un pen oblongues, rndes, medio- 
crement hc^rissees de tubercules et de poils roides, epars ; ^ peine veinees, 
entieres, cilices a leurs bords, ritrecies presque en petiole a lenr base, un peu 
aigues ou obtuses a leur sommet; les inferieures beaiiconp plus uinples ; 
les sup^rieures plus etroites et plus courtes ; celles des derniers raineaux et 
les florales sessiles, elargies a leur base, presqu^ucuminees. 

“ Les fleurs sont disposees en epis allonges, feuilles, ties lierisses; le calico 
divis<S en cinq decoupures droites aigues ; la coroll© d’un grandeur inddiocre, 
un peu pileuse, une fois plus longue que le calice, de couleur violette ou d’un 
rouge pourpre; le tube aussi long que le calice ; le limbe tronque oblique- 
ment, a cinq lobes inegaux; les etamines aussi longs que la corolle, 
legerement pileuses, ainsi que le style ; le stigmato bifide. 

“ Cette plant© croit dans les contrees meridionales de I’Europe. On la 
cultive an Jardin des Plantes de Paris. (V. v.)” 

In addition to Bourgeau’s examples, de Coincy also quotes for his compound 
anstrale the specimen so named in Lamarck's herbarium and another in that 
of Jussieu t. He consequently enlarges his description to include these as 
well as Bourgeau’s, altering the character of the htein-leaves to “ ovules ou 
oblongues so as to cover both species. But he was aware that Lamarck’s 
and Jussieu’s specimens were not identical with Bourgeau’.s as appears from 
the following observation ; l/anstmle exist© dans I’herbier du createur de 

♦ 8ee my note on Lamarck’s herbarium, specimen no. 16, infra^ p. 384. 

t Both of these I have examined and found identical with each other. One of those in 
hb. Jussieu, no. 6619, is labelled as coming from the Jardin des Plantes, *^ex liort. reg. 
Paris ” 



SOMfi CRITICAL SPECIES OF EOHIUM. 


371 


Tespcce, mais^ coinme il arrivait souvent aux anciens botanistes, il I’a etablie 
sur uii exemplaire qiii porte les signes evitleiits de culture. Il s'ensnit qne 
certains caractores out pu ctre alteres, c’est ce qui est arrive pour les feuilles 
qui sont ovules dans les eehantillons des lierbiers Lamarck et Jussieu et 
oblonguos dans ceux recoltes par Bourgeau.^’ Just so ; but the remark 
about the leaves is going too far ; the species which has been modified by 
cnltiv'ation is the essentially similar not the essentially 

different Coinct/anum. 

Then de Coincy goes on : “ son inflorescence lachement paiiiculce lui 
assigne une place ii part et ne convient a aucunc des esprees qui out <‘tc 
confondues avec elle.^’ This is strikingly true of the Lamarck and Linneaii 
specimens, and also of the more luxuriant indivivluals of Algerian grandi’- 
fiornm^ but does not hold good for Bourgeau's jdants, in which the 
inflorescence shows no marked difference from that o£ the forms called 
paatulatiim by writers on the flora of Spain. 

This should be enough to clear the Bourgeaii specimens out of the way, 
and to exclude the ])ossibiiity of E. Coinegamnn being the jn*ogenitor of 
Lainarck^s aihstrale. It remains to consider from what form of grandiftorum 
that garden plant can have arisen. E. grandxflorum occurs in five geo¬ 
graphical areas: 1. Algeria and the adjacent regions; 2. Sardinia and 
Oorsica ; 3. The French department of the Var ; 4. North-Eastern ISj>ain 
and the adjacent district of France; 5. Portugal. Areas 4 and 5 are the most 
likely to have supj)lied the seed, and 1 should have said preferably 4, where 
individuals almost identical with the cultivated plant occur, but that Lamarck 
himself has hinted at Portugal. Area 3 is most improbable, because the 
variety that predominates there is very unlike Lamarck's. 

1. The Algerian plant is very abundant and practically only differs from 
Lamarck’s type in its somewhat longer corollas. Lesfontaines says : ‘‘ affine 
K, aiistrali Lam. differt foliis la 3 vibus aut tuberculis vix conspicuis conspersis, 
corolla duplo triplove inajore." The relative size of the corolla is here much 
exaggerated. Many, though not all, Algerian specimens show leaves with 
enough tubercles to be undistinguishuble from those of Lamarck, As far us 
habit is concerned, that garden form looks like an extreme case of the 
more diffuse and broad-leaved Algerian specimens from rich situations, 
M. Battandier, the father of Algerian botanists, writes “les feuilles variant 
assess de dimensions suivant que le sol est plus on moins fertile.'^ There are 
plenty of Algerian specimens in the herbaria. I will only quote Reverchon, 
PI. Alg. 1896, no. 68, from Bougie, and FauiVs exsicc. from Oran a Santa 
Uruz, as luxuriant examples, the latter with smaller flowers than usual. 
The middle stem-leaves of these are from 2 to 3 cm. broad. 

2. I have not seen enough material from these islands to speak of the form 
that occurs there. Moris indicates creticum^ in the sense of amtrale^ from 
Sardinia, PL Sard. iii. p. 128, tab. xcvii., and his specimens boar out the 
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^dtorminatiofi. In Corsica the species seems to be exceedingly rare. I have 
cnly seen one specimen, in hb. Mus. Paris ex hb. Grenier labelleil 
*^£1^ ereticum^ sominet calcaire plus liaul dn Pic de Pigno sur Nouao.’^ 
Viviani, FI. (?ors. Diagn. p. 3 (1824), quotes ntacranthummgrafuiijlorum 
ttom Bonifacio. 

3. The speciineiis from the district between Hieres and Nice belong to a 
quite special narrow-leaved variety, which I think merits a name and might 
be called var. pronnciale. The stem is erect and the inflorescence narrow. 
The root-leaves measure 6-10 cm. by 1-2 cm.; those of the stem are only 
about 5 mm. broad. Their indamentum is softer, and their appearance when 
dried paler and more buff-coloured than in the other forms. The corollas 
are of full Algerian size. Of this variety I have seen many examples from 
the Esterel range, fiom Agay, Frejus, Antibes, Hoquebrune, Bormes, Hieres, 
and from the summit of the Maures range a la Sauvette.'’ I do not think 
that Lamarck's or Linnmus^s plant can have arisen from a form so different 
in leaf-shape, habit, and general facies. 

4. The plants of the Spanish borderland are mostly rather diffuse, with 
broad leaves, rather rougher than those of the Algerian plant, and with 
corollas of very variable size, some as long as in Algeria, others at least one- 
third shorter. These are probably the origin of the cultivated plant. But 
the shorter corolla, as said before, does not indicate a specific difference. 
Some of the following exsiccata are labelled axistrale^ some cretkum, some 
grandijiorum :— 

{a) from France. 

1. Soc. Daupfa. no. 3822 from Banyuls-sur-Mer (in hb. Lacaita). 

2. Banyuls ; ex. lib. Loret, hb. Timbal-lagrave, and hb, Gautier. 

3. Corbere a la Tour du Midi (in hb. Bonaparte). 

4. Valine de Consolation pies Ooliioure (hb. Mus. Paris). 

(6) from Spain. 

1. Cadaques (Catalonia); Senneu PI. D’E&p. no. 328 as “ cretiewn 

forma grandijtonm,^'* 

2. Rosas near Gerona (in hb. Bonaparte). 

3. Figueras (lib. Bonaparte). 

4. Cambrils (Tarragona) (fab. Bonaparte). 

5. Benicarld (Oastellon de la Plana) (bb. Bonaparte). 

6. Port Bou (fab. Bonaparte). 

5. I regret that I have not been able to see any specimens from Portugal, 
but Ooutinbo bas dealt with the species so well in his FI, Pori p. 510(1313), 
that we may safely accept his view, from which it is clear that Lamarck’s 
plant might have come from Portugal. Coutiuho distinguishes two varieties 
of amtrale : (a) genuinum^ with branching habit and corollas of 13^20 cm., 
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which would correspond to the garden form under discuhsion, and (b) 
macarithum with simple or nearly simple stems and corollas of 20-30 mm. 
This may correspond either to the Algerian yramHifforitm or io \iii\ pivvinriale^ 
but such closer determination is immaterial as far as the plant of Lamarck is 
concerned. 

Among the old specimens in the British Museum thei’e are several that 
agree with Lamarck’s type on which Solander has altered his original 
determination of creticum to aniitrale^ perhaps regarding the name creticmn 
as belonging to the very different /?. creticum amjustifolium luhnnn (\ B, P.=; 
i?. eler/auff. There are also two specially interesting examples of australe 
Lam. in hb. Gay at Kew, both from the herbarium of L. (’. Richard. On 
both Gay has noted “ procul dubio cnltum ” and added on one label, “ Je 
soupeonne quo cotte plante est provenue des grnines de FJi'. ijrandijiorum^ 
Desf.,''and on the otherJ’ai vu cette plante dans Therbier dii Museum, 
dans ceux de Desfontaines, de Jussieu, de Delessert, etc. Tons les 
echantillons qui s'y trouvent ont ete cultives, Celui de Pljerb. du Mustniin 
a et(^ pris aii Jardin des Plantes le 3 Juillet, 1813. Tous sont remarquables 
jiar leurs fouilles larges, amincies a la base, et par leurs bractees tres 
allongeos, les inf^rieures larges et foliacees.” Gay's herbarium also contains 
the two specimens of Bourgea^^s quoted by de Ooincy. The determination 
on their labels, “ E. amjustifolium ? Jjain. Salzm./^ is due to Gay himself, nlio 
was a very close observer, and proves conclusively that he knew they were 
not i?. aufitrale, Lam., as grown in thevlardin des Plantes and as represented 
in herb. JuHS, Gay could not have seen Lamarck’s type, for in his time 
Lamarck’s herbarium was in Germany. 

It will be seen from what has been said that I do not accept the arrange¬ 
ment in Kouy, FI. Fr. x. pp. 309, 310, whore a/Lv/ra/e and macranthum are 
treated as distinct species on the ground of different size of tl»e corollas and 
of the nucules, without any reference to different leaf-characters. But Rouv 
has obviously copied his measurements from those of de Coincy, quoting 
Bourgeau’s specimens together with Soc. Dauph. 3822 for australe. The 
nucules described for that species as “ tres-petites, 2-2J mm.^^ obviously 
belong to Coincyanum and not to australe, Lam. Lamarck^s type-specimen 
of australe has no ripe nucules ; see p. 384 belowf. 


♦ See a list of these in my Echia of hb. Linn., infruy pp. 401, 402. 
t Since the above was written I have grown E. grandifiorum at Selbam in Sussex from 
seed sent by M. Battandier of Algiers. Two sowings were made. The earlier ilowei^ed iii 
July and resembled the Algerian plant in habit aud size of corolla. But the later-sown 
plants, which did not begin to iiower till September and continued till the hard frosts, were 
leafy and diffusi^, with smaller corollas, exactly resembling the creticum of Herb. Linn, and 
conhrming the opinion expressed in the text as to the speciHc identity of australe, Lam*, 
yrandijlorumy Deaf., and creticum, Herb. Linn. 
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Eohium GoingYAN rM, nom. iiov. 

JScInum Voincyamnn^ mihi,ss J?. ausfraU^ Coincy, Rev. Esp. Grit. Echium in 
Moroi^s Jouni. Bot, xiv. p. 326 (1900), quoad exempla Bourgeauana, Rony, 
FI. Fr. X. p. 309 (1901), non Lam. Ill. i. p. 412 (1791), nec Poir. Diet. 
Bncycl. viii. p. 672 (1808)=:^. creticum,^ym, Consp.Fl.Eur. p. 515 (1881), 
et Willk. et Lange, Prodr. FI. Hispun. ii. p. 487 (1870), pro maxima parte, 
non L.SS&. angustifoVmm^ Salzin. (et aliorum) in soliedis, non Lam. 

In iny note on E» australe, I have pointed out that de Coincy confused two 
different species under that name, having united to the true ausirale^ Lam., 
a plant best known from certain exsiceata of Bourgeau, to distinguish which 
I propose the name Coincyamm, It would have been preferable to call this 
species after M. Bourgeau but for the existence of JE', Bourgwavum^ an 
arborescent species from Teneriffe. 

Echium Coincyanum is based on Bourgeau’s no. 334 of the year 1849 from 
the Tajo de Honda in Andalusia, no. 1625 of 1852 from the Sierra San Felipe 
de Jativa, and I may add, though it is not mentioned by de Coincy, his 
identical no. 989 of 1850 from the Sierra de Segura. The Kew herbarium 
contains two examples of each of these numbers in excellent condition. 
No. 334 was determined by J. Gay as E, augudi/olhnn? Lam. Salzm./^ 
meaning that though uncertain whether it really is Lamarck's uugvatl/olium 
(which it is not) he considered it the same jdant that Salzmann had collected 
‘^ad vias circa Malagam abunde'^and labelled ^‘E, angustifolium^Lam.W.^^ 
This determination of Gay^s proves that he knew the plant not to be 
jB. austmle^ Lam. of herb. Ju^s. etc., and as grown in the Jardin des 
Plantes. The similar naming of nos. 989 and 1625 is due to Cosson. 

I have examined these species with some care. The stem-leaves are not 
oval hut oblong ; the corollas are large, 20-25 inm., mostly blue (in sicco)^ 
not dull reddish as in E. austratcy and less obliquely cut. The presence of 
hairs on the filaments of E. Coincyanum is not quite certain and should be 
carefully observed on ihe living plant. De Coincy says ‘‘ au moins nn des 
trois filets posterieurs poilus, ordinaireinent tons les trois,^^ and in a footnote 
‘‘ J^ai trouv^ des exceptions.^' It is impossible to say whether these 
observations of his were made on specimens of Coincyanum or on true 
amtraUy but I think more probably on Coincyanum. In Bourgeau's 
specimens I could find none on the first examination, when two corollas 
wei'e boiled for dissection, although I was assisted by the defter fingers and 
younger eyes of Mr, Hutchinson of the Kew herbarium. Subsequently in a 
corolla opened wdtbottt boiling I found a very few sparse hairs on two 
filaments. My apparently contradictory results seem to agree with 
de Coincy's. The filaments of austraUy on ihe contrarj', are always . 
remarkably hairy. 
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Besides the three Bourgeau numbers, which must be regarded as the typos, 

I consider the following specimens to be referable to E, Coincyanum *:— 

1. Salzmann in hb. Gay ; ad vias circa Malagam ; as E, amjustifolium^ 

Lam. 

2. Willkomm anno 1845, no. 902, from Malaga as pustnlatum* 

3. Porta et Higo, it, ii. hisp., no. 151, from Almeria as creticum, 

4. Wolley-Dod anno 1912, nos. 412, 473, and 010, from Gibraltar at 

the Mediterranean steps as creticum, 

5. HofEey, March 1, 1916 (in hb, Mii«. Brit.), from Tajo de Honda. 

I have met with no specimen of Coincyanum in the old herbaria earlier 
than that of Salzmann. 

Echium pyonajj^thum=E. angfstifolium, Lam. (1791), non 
Mill. (1768), HOC Thunb. (1811). 

Echium anguafifoUam^ Mill. Gard. Diet. (1768), and B. any a at {folium^ Lam. 
III. i. p. 412 (1791), were wrongly synonyinised by Poirot in Diet, Encycl. 
viii. p. 671, since when Miller^s species has been entirely ignored or quoted 
without any discussion of its identity. 

It is undoubtedly the plant known to the old botanists as JE. creficnm 
anyvstifoliwn rubram, V. B. P., and, as I hope I have e.'^tablislied in my notes 
on Miller's B7i/a, is the oldest name for E, eleyans, Leliin., plentiful in 
Greece and the Levant. But E. anyustifoHum, Lam., is a totjdly different 
species from Spain, closely allied to E, humile, Desf., and figured iti Barr, ic. 
1011 as Lycopsis anytfstifoUa minor hispanica. After Lamarck's time it 
became a source of perplexity and was confused by Salzmann, J. Gay, and 
CJosson with E. mihi. Eventually Rouy rediscovered the species 

in 1879 at dativa and at Hellin, the latter station being close to Tobarra, 
whence Lamarck had the type-specimen still to bo seen in his herbarium. 
Kouy describes it fully in his Exc, Bot. ii. p. 16 (or in Bull. Roc. Bot. Fr. 
xxix. p. 123). It has been discussed at length by de Coincy in Morot's 
Journ. Bot. xiv. p. 106 and xvi. p. 215. 

* A good many other Spanish specimens of pmtulatuni'" and creticum" probably 
belong to Comeyamm, Collectors meeting with plants that look like possible pusiulatum 
in Spain should make quite sure in vivo whether the iilaments are perfectly glabrous, as in 
true pustulatumf Sibth. Porta & Bigo, It. iii. no. 142, seems to be a mixture, being an 
instance of the bad practice of those collectors in distributing specimens from more than one 
locality under the same number. This no. 142 is labelled supra Caipe,” which is on the 
coast between Valencia and Alicante, and also Sierra de la Fiiensanta/’ which is inland 
near Murcia. 

On a specimen in hb. Cosson from S.W. Morocco leg. Mardochde, 1876, Rouy has pencilled 

auBtrale" It is certainly not australe Lam., but I think it is Coincyanum^ w’^hich very 
probably extends to Morocco. I had not time to search for it in Cosson s magnificent 
herbarium of North African plants now at the Paris Museum, 
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liAiiiQrok’ei species is very near JE. humile, Desf. (1791), which is not 
knoim from Spain, although Porta and Rigo distributed angmHfolimn, Lam., 
iliiider that name. De (Joincy separates these two specifioally in Journ. Bot. 
aiv-, but in his Enuni. EcUum FI. Ail. in vol. x^i. E. humile and some other 
ISTorth African Echia are subordinated as varieties to E. angnstifolum, Lam. 

Unquestionably the name angmtifolium^ Lam., musl^ give way to angusti- 
folium^ Mill., and Lamarck’s species receive a new name. Now de C^oincy 
idienti6es with angustifolunn a certain J?. pgcnanihim^ Pomel, which is the 
name substituted by that author in Nouv. Mat. FI. Alg. fase. 2, p. 276 
(1876) * for his earlier E. densifiorum^ described fully in Nouv. Mat. p. 92 
(1874), but abandoned as a name owing to the existence of E. deimflonm^ 
DC. Cat. Monsp. p. 108 (1813), a shrubby species introduced from “Teneriffe 
or Madeira,” though apparently no longer found there. 

E^ pycnanthum^ Pomel, is therefore the lawful name by which the angusti^ 
fofhtm of Lamarck should be called, or, if reduced to a variety, E. ImmUe^ 
Desf., var. pyenanthum (Pomel), nov. comb. (=E. angi(stifoHvm, Lain., var. 
pyenanthum^ Coincy). 

ECHtUM SALMANTICIIM. 

The identity of this species can only be established by circumstantial 
evidence, as no authentic specimens are known and all that Lagasca says 
of his species in Nov. Gen. et Spec. p. 10 (1816) is ^^foliis ladicalibus 
lanceolatis ; staininihns longissimis glabris, corolhe fauce subpervia. 
j?. Lusitanicum^ Linn ? Hab. circa Salinautieam. Augiisto floret.” 

The purport of this note is to make known J. Gay’b description c.r vivo of 
the plant cultivated in his day as Echium mhnantiann, and to support the 
position taken up by Coutinho in Bol. Soc, Brot. xxi. p. 115 (1905), where 
/?. salmantkvm of Lagasca is identihed with E. polyvaulony Boiss., Diagn. xi. 
p. 92 (1849), rather than with E. htsiianicum, L,=sE, italicum^ Brot.= 
JEJ. Jiroteri^ Samp. Boissier’s species was described from a plant in herb. 
Pavon from the valley of Flasencia in Estremadura, and carefully 
distinguished by him from E, hsiianivnm^ L., as represented in Jussieu’s 
herbarium. But practically this plant is only known from specimens 
collected by Bourgeau (no. 2467 of the year 1863) on the b.inks of tlie riv^r 
Plasencia. These were distributed at first as E. ml gave ^ but the label was 
afterwards corrected by Reuter to J?. jwlycaulon. 

The arguments in favour of the identification of JS. salmanticum with 

• In the separate copies p. 296, but p. 40 wLei*© iucluded in Bull. Soc, Sci. Alg. for 
1876. There is no heading “ R pycnanthim^' but a single line introducing the name forms 
the last of the paingraph describing E, onosmotVfes. Battandier had refen’ed E. pymanfhm 
to if. mriemmy Vahl, a very different species, in Batt. et Trab., FI. Alg. p. 609 (1888), but 
in FI. Synopt. Alg. et Tun. p. 286 (1904), and in the suppl. to FI. Alg. p. 67 (1910), 
de Ooincy’s oidniou is accepted and p»jenmthmn is quoted as syuon^ mous with 
Lawt 
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E. polycaulon are: (1) The relative proximity of Salamanca to Plasenoia, 
whereas lusitanivum has only been found hitherto in northern Portugal and in 
Galicia in three localities in the frontier province of Oreiise (see Merino, 
FL de Galicia, ii. p. 155, 1906); (2) That a plant identical with Bourgeau^s 
specimens ot polycaulon from Plasencia existed under the name of salmanticnm 
in several botanical gardens long before Boissier described his species, and in 
fact within 10 to 20 years of Lagasca’s publication, thus raising a strong 
presumption that the seeds had come from Lagasca himself. 

Of these early garden specimens of salmanticum identical with polycaulon 
the following have come to my knowledge : (1) Herb. Boiss. ex Hort. 
Genev., leg. Duby anno 1822 ; teste Buser ex Coutinho, 1. c. ; (2) Leipzig, 
anno 1835 ; teste Braun in litt. ined. ad J. Gay; (3) Hort. Neap. Novembri 
1836 ; misit Tenore in Herb. Gay; (4) Hort. (^arlsruh., unde semina misit 
Braun ad J. Gay anno 1839; (5) Hort. Paris, in Herb. Gay, anno 1843 ; 
(6) H. R. Neap, in herb. Ten. 

The difference between E. salm ndicum ^polycaulon and E. Ivsitanicum, L. 
^Broterij Samp., was recognised by J. (Jay in his MS. notes in Herb. Kew 
before the publication of polycaulon. In addition to the specimen of 
Imitanicum received from A. dc Jussieu, to which I refer in my notes on 
E» lusitanicum of Herb. Linn., Gay’s herbarium contains two good examples 
of a plant grown in the Jardin des Plantes in 1843 from seed sent from 
Oarlsruhe by A. Braun on Feb. 1, 1839, as E, salmanticum,, Lag. Both are 
identical with Bourgeau^s no. 2467 referred to above. Now lusitanicum and 
polycaulon resemble each other in their remarkable method of growth ; 
Coutinho, FI. Port, ii, p. 499, says they are perennial plants producing 
lateral stems below the rosette of basal leaves This had been described 
for lusitanicum by Brotero, FI. Lus. i. p. 290, as follows ; ‘ Oaules quinque 
ad duodecim ex oadem radice, sub rosula folioruin radicalium, primum 
obliqui, dein incurvati, erectiusculi ; folia radicalia in orbem prostrata, 
pedalia et longiora, ad medium biuncialia aut latiora, lanceolata.’^ Gay 
observed the same character in the specimens he saw alive in the Jardin 
des Plantes, but not in tlie scraps of lusitanicum from the herbaria of 
Tournefort and Jussieu. He consequently thought that his cultivated plant 
must be identical with Brotero^s italicum^ lusitanicum, L., and suggested 
for it, but fortunately did not publish, the name E. Brotenanum, 

On Feb. 1, 1839, Braun writes from Carlsruhe to Gay: Echium 

salmanticum schicke ich Samen ; gehen sie Ihnen auf, so bekommen Sie die 
merkwurdigste Species ans dieseiu Genus, die von alien andern ganzlich 
abweicht durch ihren Wuchs. Als Sie meine Erhia im Jahre 35 durchsahen, 
sebrieben Sie an ein schlechtes Exemplar aus dem Leipziger Garten: ^ Species 

• Another perennial species from Spain and Portn^fal, E, ronulatum, Lange, has the same 
habit, 
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inilli obscura, A', fusitanico, L., similis sed corollis diinidio majoribus violac^is* 
qm non carneis certe diversa. Forte E. plantaginenm parviflorum/ This 
suggestion is of course impossible^ and the rest of Braun^s letter is devoted 
to distinguishing his satmauficum from plantaginenm^ with a rough sketch to 
show the dissimilar method of growth. The seeds germinated and on 25th 
June, 1843, Gay gathered in the Jardin de ^(^cole de medecine de Paris one 
of the two specimens now in his herbarium, which at first he took to be 
hmtaninm^ L., et Lehm. = JF. italieum, Brot,,” annotating it E. caulibus 
ex una radice pluribus, rosiilf© centrali subjectis.’^ But in a further note of 
July 2nd lie modified the synonymy as follows : ‘‘Echium Broterianum, Gay 
seJ?. italicum^ Brot., sed Echium amplissimo folio lusiianicum^ Tourn.a= 
E. Ivsitaninm, Poir., est planta longe alia. Longe alia videtur E, caiih 
simplici foliis vaulinis lanceolatis^ etc., Royen, E. Ivsifanicnm, Linn. etLehm., 
cujiis lacinia? cal)cin8o ex Lehmanno lanceolate sunt et acuminatse, non vero 
(qua* Broterianse) obtusiusculeo oblongse vol ellipticse.^' He seems to have 
thought there were three species where only two exist and erred in referring 
Brotero’b italicum to the plant from the Carlsruhe seeds instead of to the 
other kind, E, Insitanicurm. 

On the same day, July 2nd, he gathered the other specimen now in his 
herbarium from the same seeds, and described it ea vivo as follows (it is the 
only description of this species from the living plant) :— 

‘‘ Echiinn mlmanticnm^ Lag. En pleine terre, ou il forme une onorme 
touffe de 2-3 pieds de haut. Ab Evhio lusitanico herb. Jussimani diversi'^- 
siinum. (1) Inflorescentia quasi racemo^a non paniculata (spicis partialibus 
scilicet brevissimis non elongatis); (2) calyce quam corolla plus dimidio 
breviorc, non corollam subaoquante, jihyllis ellipticis vel oblongL, non 
lanceolatis acutatis, margine et ad carinam ciliatis, cseterum glabris, 
non sparsim et longius setosis; (.3) corolla ampliore multo imprimis latius 
aperta (limbo campanulato non cylindraceo-conico). Pili caulini unifoimes, 
longi, patentissimi, firmuli, basi non bulbosi neque pube ulla breviore inter- 
mixta. (Corolla violaceo-cserulea, adhuc clausa \inoso-rofeea, 3^ lin. longa, 
ore maxima hiante 3 lin. lato, lobis limbi duobus superioribus paulo longiori- 
bus. Filanienta longe exserta, corollam plus duplo longa (.stV). Caules ex 
una radice pliirimi, spurii (revera rami radicales). rosula? centrali (caule 
hand evoluto) subjecti ! ” Then on a much later ticket he added 
‘‘ E, polycaulon^ Boiss. ? ” 

The above account should be compared with (Joutinho’s description of 
polycaulon {salnianticum) in Boh Soc. Brot. xxi. p. Ill, and will be found 
to agree in essentials. There is a photograph of a herbarium specimen of 
E. polycaulon in Uouy^s Illustr. PI. Eur. Rar. tab. xli. It is strange that no 
one as yet should have taken the trouble to rediscover E, salmanticwn in such 
an accessible locality as the neighbourhood of Salamanca. Both this plant 
and E. lusitanicum seem to have been lost from the gardens where they once 
were grown. 
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There is an E. vvlgare^ var. sahmmticurn, Coiiicy. in Morot^s Jonrn. Bot, xiv. 
p. 304 (1900), which must not he confused with E. salmanticunu Lag. Tlie 
specimen -in de (Joincy’s her})arium, gathered by him at 8ahimanca on 
May 28tl), 1892, on which his var. sahaanticum is based, is very poor, hardly 
in flower, and I should have thought altogether too scanty to justify a new 
name, I rather doubt its being a form of rnlgare, 

11 . 

THE GENUS ECJIIUM IN THE IIERFiARlA OF TOURNEFOUT, 
JUSSIEU, AND LAMARCK. 

These three famous herbaria, now in the Mu«Jt'*um d’Histoire Natiirelle at 
Paris, are so important for tlie genus Ecluum that the following list of the 
specimens they contain may be useful. The first two have been examined 
and annotated by that minutely observant botanist, J. Gay. The third was 
not accessible to him, owing to its strange adventures. J. B. Monnet, 
chevalier de la March, ended his life in straightened circumstances in 1829. 
A iew years before (1824) his herbarium had been bought, at the suggestion 
of Alexander von Humboldt, by J. A. 0. Koepor, who took it with him to 
Biile, and thence to Rostock, where ho filled the chair of botany. From 
Roeper it was bought by the Grand Duke of Mecklenburg for the University 
of Rostock, and there remained till 1887, when it was offered for sale to pro¬ 
vide funds of which the University was in need, and was purchased, with 
the help of the French government, for the Museum of Paris * :— 

1, Herb. Toitunefort, 

no. 584 Sine nomine aut loco ; leave.s only ; undeterminable. 

„ 585 Echiuui majus et aspetius ffore alho,^^ labelled by Gay in 1834 
K, pyrenaicum Desf./’which it is not. The specimen consists 
of the upper part only of two stems, and is a wide-spreading form 
of E, L., which thn French botanists often confuse with 

E. pyrenaicum, 

„ 586 Echium majns et asperins fiore dilute purpureo Bot. Monsp.,'’ 
labelled by Gay E, j>yrenaia(m Desf.,’^ which in this case is 
correct. It consists of two branches broken off a stem. 

„ 587 no label of origin, but labelled by Gay “ Verisimiliter Ech, a?n- 
plissitno folio lusitanicum (specimen minus evolutum)= 
lusitanicum Linn. Poir. etc.^^ This is exactly the lusitanicum of 
herb. Linn. = A’, Broteri^ Sampaio. 

* This information is collected from Bureau, ** Sur Tentr^e de Therbier de Lamarck au 
Musdum d^Histoive naturelle,** in Coraptes Reudus, Ac. 8ci. Par. 104, p. 187 (1887), and 
Bonnet, L’herbier de Lamarck ” in Morot’s Journ. Bot. vi, p. 129 (1902), 
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kto, 588 “ Echium vulgare pamculatvim dot labelled by Gay* A 

lusus or deformity of E. mlgare. The plant is in bud only. 

589 **' Echium creticum anguHifolium ruhrtim C. labelled by Gay 

“ E. creticum a Poir, Diet/* This is precisely E. angmtifolinm^ 
Mill. = i?. elegansy Lehm. 

590 Echium sylvestre hirsutum, maculatum C. Bauh.^’ is unmistakably 
E. ruhrum, Jacq. 

591 Echium maritimum Jnsularum StoBcliadumy ftore maxima cccruleo*^ 
labelled by Gay “ Je crois que cette forme rentre dans le grandv- 
fiorum Desf., qui selon moi, constitue une espfece bien distincte 
du planiagineumy He is right; it is the narrow-leaved form of 
grandiflorum that is found here and there in Dept, Var, 

„ 592 “ Ecliii genus in maritirais insulin Porquerolles,’’ root-leaves only ; 
undeterminable. 

593 no name but ^‘Fouqu(^/* labelled by Gaj Echium orientale folio 
ohlongo moUi et cinericeoy Tourn. Cor. 6? E. pustulatum Ten.! in 
herb. mus. Par. non Sibth.** Then Chaubard notes ^'‘Echium 
vulgare pilis adpressis Viv. FI. Agen. II n'est pas d*orient, mais 
de la France m<[‘ridionale.** The specimen is one of the forms that 
replace typical vulgare in southern France, sometimes determined 
by French botanists as pustulatumy sometimes as tuherculatumy 
though not the tuherculatum, HofEmg. et Link, nor the true 
pustulatum of Sibthorp. See my notes on Sibthorp*s herbarium. 

„ 594 Echium Cupanif* labelled by Gay Echium calycinum Viv./’ 
which it is. 

„ 595 no name, but labelled by Gay “ Echium vulgare L./’ to which I 
assent. 

„ 596 no name, but labelled by Gay Echium plantagineum (hortense fol. 
floralibus solito majoribus, flore paulo minore).** I assent. 

„ 597 no name ; no label by Gay ; a branched plant in fruiting state, 
apparently of the group that represent vulgare in the south, but 
I cannot venture on a close determination. 

„ 598 no name and no label by Gay ; it is E. jlavumy Desf. 

„ 599 no name ; an unknown hand has suggested in pencil E. arenariumy 
Guss., which is right. 

„ 600 Echium ^gypticcy flare magno suave 'imberUef^ labelled by Gay 
“ Echium Bauwolfii Delil.,” which is right. 

Tournefort’s herbarium contains no specimen of his J?. orientaley 
verhasci folioy flare maxima campanulaia. 



SOME CltlTlCAL SPECIES OF ECITIUM 


II. Herb, Jussieu. 

no, G601 JEehinm unnamed hort. Bagatelle 1788.” Only the upper half 
of a plant which is obviously E. Insitanicum herb. Linii.== Broteri^ 
Samp. 

.. 6()03 contains three sheets with no original natne, all labelled by (Jay 
jnjrenaivumy^ but only two belong to that species, the third 
being italicinny L. 

„ 6604 labelled by Gay ‘^7?. italicum L., Willd., Lehm et aliorum noniiull./’ 
is either true italicnmy L., or glomemtuuiy Poir. For lack of time 
I could not examine carefully. 

,, 6605 two sheets : 

(1) “/i/, am pUssimo folio luhifaninim, Erh, I naif amcnm folio 
cnhitali T. hb, Isnardi.^^ 

(2) “ E, amplissimo folio Insltanieum ” ex herb. 1). Charles.^^ 
Both specimems are undoubtedly the lusitanioom of herb. Linn. 

,, 6606 no, Eclt. umhdatum Pourr, Gallice, eiivoye par M. Pourret 
1802/' labelled by Gay forte E* hmtaniciim L./’ which it is, 
being identical with no. 6605, 

„ 6607 two pieces : 

(1) “ E. ruhrum'^ is rightly corrected by Gay to E. vulgare, 

(2) E, creticuin angusiifoUuin ruhntm ex hb. 1). (liarles^Ms 
vulgare corolUs roseis. 

„ 6611 Echium Insularum Stwchadnm*^ is rightly labelled by Gay 
‘‘ E, plautagineum,*^ for it is not the plant so-called in 
TourneforPs herbarium no. 593. 

„ 6612 two sheets, ex herb. Isnard and ex herb. Oharles, both named 
“ Echium rreticum latifolium but both are E, plauta^ 

giueiim and have been so labelled by Gay. 

„ 6613 Echium orientale'^ is plantagineum as labelled by Gay. This 
must bo the specimen alluded to by Poiret, Diet. Encyc. viii. 


p. 673, where he says that 
E, orientate in hb. Jussieu. 

ho has 

seen \ 

6614 Echium ex hisp.^^ 

do. 

do. 

6615 Echium ex hort. TL Paris 

do. 

do. 

6616 sine nomine^ 

do. 

do. 

6617 “ Echium honariense ” 

do. 

do. 

6618 sine nominCy a scrap 

6619 two sheets: 

do. 

do. 


(1) E. ausfrale Lam. ex hort, reg. Paris, Desf.” marked 
bene by Gay. 

(2) sine giomine aut loco. Both are precisely the creticum of 
herb, Linn, 

2k 2 
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^ l»0. 6620 sine nomine ‘‘ ex h. r. Paris/^ labelled by Gay “ E, prandiflonm 
Desf. ?” This also is identical witli E* creticum of hb. Linn. 

6621 E, foliis ariffustis et nllosis T. R. H. 136 ex hb. Isiiardi/^ no note 
by Gay. There are four sheets of a much branched plant. This 
synonym is referred by Jussieu in Barr. p. 1% io Anchuea anguBtis 
villosis foL hisjj, Barr. Ic. 577, which is EcMnm hispanicum Asso, 
Mant. Stirp. Arag. p. 162 (1781). As I had not seen Pan’s 
specimens of Asso’s Echhm at the time I nas in Paris, I could 
not recognise it in these sheets, and dare not express an opinion 
from memory. 

,, 6622 two sheets ; 

(1) E, hispanicum verrucosum annuum angustifolhm ex hb. P, 
et hb. Charles” is identical with no. 6621. 

(2) rosmarinifolium (? Roris’-marini folio) T. 11. 136 ex 
hb. Charles,” may also be hispanicum, Asso, or the Spanish plant 
commonly called pustulatum. 1 cannot say, for the reason 
mentioned above. Both (1) and (2) are labelled by Gay 
“ E, tuberculatum Hfg, & Lk. ? ” which they are not. 

„ 6630 six sheets : 

(1) E. creticum angustifolium ruhrum ex hb. Isnnrdi,” 
labelled by Gay E. creticum a Poir. ex hb. Desf.,” is identical 
with hb. Tournefort no. 589. It is E, angustifolhm, Mill. 

elegans, Lehm. I have examined the specimens in 
Desfontaines’s herbarium at Florence referred to by Gay. 
There are three, on which Gay has noted hisce tribus 

speciminilms suum E, creticum elaboravit Poiret in Diet. viii. 
p. 670, quorum duo Syriaca, ineum ined. JS'. Tournejortii, tertium 
•®gypfiRUum /?. prostratum Delil. sistit.” Nos. 1 and 2 
came from Labillardifere, who collected in Syria, but they are 
sine loco. They are E. angustifolium, Mill.ssjB. elegans, Lehm. 
No. 3, sent from Egypt by Delilo himself, is typical E. sericeum, 
Vahl, which is Delile’s prostratum. 

(2) sine loco ; my MS. abbreviated note is illegible. 

(3) “ misit D. Thunberg e Tripoli ” is apparently also 
angustifolium. 

(4) sine loco, labelled by Gay ne puis distinguer cette 
plante du E. plantagineum.’^ This is certainly not angustifolium, 
but is either plantagineum or maritimum. 1 did not examine it 
minutely. 

(5) and (6) are both angustifolium ^elegans. 

I cannot now explain the lacunee in the numbers between 6607 and 6611 
and between 6622 and 6630, I may have accidentally missed some sheets. 



ORIl'JCAL StKOlKS oB BCIIIITM, 


:\si 


III, Herb, Lamarck. 

1. Echium xmlgare^'’ sine loco. It is. 

2. Echmm rnhro flore montis presumably Mont D'Or. It is vulgare 

ff, roseon 

3. Eehium plantagineum Vahl’’ is E. plantagineum, L., a specimen with 

fine lar^e radical leaves. 

4. Evliium ehmgatmn Lam. an Echium majus et asperius fl, alho? Ses 

fleurs sont d’un blnnc un pou incarnat., Jos coroll(^s sont courtes. ’ An 
unknown Infer hand has added Erhiinn glomenthim Poir./’ which it 
is not, being precisely itaUcum^ L. (as already noted by do (^oincy) 
^altissiminn^ Jaoq. 

5. “ Kelihim fruiicosinn L.^' is Lohosfemon fruticosus^ Buek. 

f). Ecltifnn argeniexiin Berg. 40 et Lam. Ill., Pink. Tab. 341. £. 8” is 
Lohostemon argenteus^ Buek, the plant figured by Jacqnin Hort. 
Schocnb. i. p. 34, as E. fruticoston, but not the plant named 
E, argent earn in the Linnean herbarium (see my paper on the 
Echia of LiniiEeus, infm^ p. 3116). 

7. Echium capifatnm''^ is Lobostemon capitatua^ Buek. 

8. “ Echium capitatvm var. is Lobostemon sphu rocephaluSy Buek. 

9. “ Echium spxcatitm^^ is Lobostemon spicatus^ Buek. 

10. ‘‘ Echium strict am Lam. Ill.” is E. strictnm^ L. fil. 

11. Echmm Jalcatum Lam. III.” with a label in later writing Lophost, 

glaher Buek,” which apart from the mib-spelling, is probably right. 

12. Echium candicans L. siippl.” is that species. 

13. Echium italicxim .... (illegible) Pernegiil. E(hmm ai^jyerrhnam Lam. 

Ill.” is precisely E. pyramidale, Lap., wdth whose h pe-specimens I 
have compared it, and therefore is E, pyrenaicum, Desf. 

14. ^'‘Echium angustifolium Lam. Ill. E. hispanicum Tobarra = Barr, Ic. 

1011.” This is the type of Lamarck’s ‘'pecies, which Poiret w^rongly 
identified wdth E, angustifolium, Mill. Salzmann, J, Gay, and Gosson 
misinterpreted this name, applying it to a very diflerent species, 
E, Coincyamm, mihi. But llouy re-discoverod the true plant in 
1879 not far from Tobarra, and later collectors ha\e distributed it 
as E, humile, Desf. But de (Doincy, wdio discusses it fully in Morot’s 
Journ. Bot. xiv p. 106, and xvi. p. 215, points out that it is not true 
humile. The name angustifolium suits admirably, but is unavailable 
owing to the priority of Miller’s angustifolium. It must therefore be 
called E, pycnanthum, Pomel, Nouv. Mat. FI. Atl. fasc. 2, j). 40 (but 
p. 296 in some copies, where the paging is consecutive with the 
author’s earlier publication), where the name is substituted for 
E. densijlorum, Pomel, owing to the existence of the earlier E, densi^ 
durum, DC. Barr. Ic. 1011, Lycopsis angustifolia minor hispaxiica^ 
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certainly represents the plant of Lamarck, who, however, was wrong 
in quoting for it JE. hx^anicum^ for which see note on no. 6621 of 
Herb. Jubsieu. 

15. Mcliium amtrale Lam. illustr./' with a later label in an unknown hand 

Echium lusitamcum a ridiculous suggestion that may be dis¬ 
missed. This, again, is an important type. It is absolutely identical 
with the specimen of E. creticum in herb. Linn. No doubt a garden 
plant, originally derived from JB. grandiflorum^ Desf*, but not from 
the narrow-leaved, upright form of that species found in Dept. Var. 
The flowers are badly dried and look smaller than they really are. 
Theie are no ripe nucules, so that de Coincy's description of them in 
Morot, Journ. Bot. xiv. p. 327, where he mixes up Lamarck’s anstmle 
with E, Coincganum, inihi, cannot have been derived from Lamarck^s 
type. 

16. Echium creticum Lam. ill.,” labelled by a later hand ^‘Echium cre¬ 

ticum? Three examples: one “ex D. Sonnorat,” the others sine 
loco. They are all E, plantagineum^ L., to which Lamarck^s creticum 
has long ago been referred. 

17. “ Petit rameau detache d^une sommite fleurie d’un Echium frutiqueux 

des Canaries,” labelled by a later hand '‘^Echium aculeatum Poirot,” 
which it may well be. 


III. 

THE ECJUA OF SIBTHOliP’S IJERBAR113M. 

The specimens in Sibthorp’s herbarium, now at Oxford, were originally 
tied up in bundles corresponding to Sibthoip’s difiEerent journeys and the 
districts from which they came. But the individual speciineiib are without 
any indication of locality or determination by Sibthorp himself, the only 
writing on the sheets being in Smith’s hand, except in the case of plants from 
the island of Zante, which were not collected by Sibthorp, but purchased 
from a druggist of the island, who has written on some of them the local 
Greek name. 

Smith tells us, in Rees’s Oyclopsedia sub voce Sibthorp, that the plan of the 
‘Prodromus’ uas drawn out by Dr. Sibthoip, but nothing of the ‘Flora Grseca’ 
except the figures v^as prepared, nor any botanical descriptions. “The final 
determination of the species,” he saj s, “ the distinction of such as were new, 
and all critical remarks have fallen to the lot pf the editor.” He has not 
always been very happy in these determinations and remarks. In the genus 
Echium alone he has fallen into two grave errors. But we must remember 
that he had not the copious material collected by later travellers, which 
makes it so easy for us to criticise his woik. 
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Smith has not attempted to determine all the specimens. Only seven 
species of Echiam are enumerated in FI. Gr. Prodr. i. pp. 124-120 (1800)i 
and of the fourteen examples of that genus in the herbarium only seven have 
been named by Smith. Nine of the fourteen b( 3 ar a printed babel witli 
“ J. Sibthorp, M.D./' indicating that they were actiinlly collected by him. 
Three others are marked, apparently in a clerk’s hand, ‘‘Herb. Sibthorp. 
South of Europe. Qy.,” and the remaining two are from the Zante collec¬ 
tion mentioned above. From a copy of the ‘ Prodroinus ’ in the possession of 
the Linnean Society, it appears that at one time authentic Sibthorpian speci¬ 
mens of liis h\ hispidum and E. creticum, presented by ])r. Daubony, existed 
in the Socioty^s general South European liorbariuni. Unfortunately, these 
were sold by auction on November 10th, 1863, being comprised in lot 82 
with Welwitsch’s Portuguese collection and Dr. Prior’s east Mediterranean 
plants. The lot only fetched 34 shillings, but the })iirchaser’s name is 
not known. The loss is peculiarly unlucky, as those two species are the 
very ones about which Smith went wrong. He a})j)ears to have taken 
the names of the three new species of the ‘ Flora Grteca ’ {E. pustulatum^ 
E, hispidum^ and E, difusuni) from some list of Bauer’s figures which he 
found among Sibthorp’s papervS, but which does not seem to have been pre¬ 
served. Sundry rough lists exist among Sibthorp’s M^S., but they contain 
none of the above names. A list “intended to form the outline of the ^Flora 
Graioa’” only includes throe Echia^ viz., no. 164, E, italinm, no. 165, 
E, valgare^ and no. 166, E. cretmuuy without localities; and a list of 
Thracian plants mentions “ E, ciolaceutn in campis Thraciev and E. cre^ 
ticuni in campis virva Byzantium,^^ There is nothing in the lists to connect 
these names with any particular specimens. 

It seems that Bauer did not draw—or, at any rate, did not complete—the 
figures of the ‘ Flora Gra3ca ’ from live plants. His originals exist at Oxford. 
They have been most faithfully reproduced by Sowerby in the published 
plates. There are also many sheets of Bauer’s pencil-sketches of the dif¬ 
ferent parts of the organs of the plants, perhaps done in the field, hut at any 
rate from freshly-gathered specimens. Portions of several species belonging 
to different genera are found on the same sheet. These sketches are marked 
all over with numbers indicating the precise tints to be afterwards applied 
in the coloured pictures. The tints must have been very numerous, as the 
numbers run to upwards of 200. 

I have to thank Mr. Druce for much of the above information Jind for the 
facilities afforded for the examination of the specimens enumerated and 
discussed below. 

(I.) Echium vulgarb, L., labelled “ Herb. Sibth. South of Europe, Qy.,’^ 
and not named by Smith. It is a large specimen with the upper half of the 
stem cut off, but I Imve little doubt that it is E, vulgare^ which is quoted in 
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Prodr* i. p* 125 for Byzantium and Laconia. The latter station seems to me 
very doubtful for typical vulgare^ which is not found on the shores of the 
Mediterranean. 

(II.) Echium pustulatum, labelled by Smith Eclu pusiulatum Sibth. list 
of figures/' This is certainly the plant represented in FI. Gr. tab. 180, 
although in a more advanced state than the figure. In Prodr., L c., and Fh 
Gr. ii^ P‘ C8, Sibthorp is said to have found this species ‘4n Sicilia tantum.^ 
Nevertheless, it agrees perfectly with the example collected by him in the 
kingdom of Naples, now in Herb. Banks, but wrongly referred by Smith to 
E. hispklnmy whose expression ‘*in agro Ncapolitano’’ must, I think, be 
understood to mean ‘‘ in the kingdom of Naples/' not in the vicinity of 
Naples,” where that precise form is not found, though it occurs in southern 
(jalabria as well as in Sicily. Among some rough notes of Smith's at Oxford 
I have come across Echium liispulum Sibth. from Naples; stem very bristly; 
flowers smallish, blue,” which is sufficient to exclude the real hispidum, Tt is 
possible that Sibthorp himself may at some time have confused pustulatum 
with the very different Greek plant figured as hispidum. Modern specimens, 
which entirely agree with both the abo\ e Sibthorp specimens, are :— 

1. Todaro, FI. Sic. no. 931, from Messina, a locality also quoted by 

Gussono, FI. Sic. Syn. i. p. 232, for E. pustulatum. 

2. Thomas in Hb. Gay at Kow, from (Calabria, anno 1816. 

3. Arcangeli in Hb. Kew, from Cape Spartivento in Calabria. 

4. Tenore in Hb. Kew, from southern Italy, without precise locality. 

I am unable to see any real distinction between the above and two well- 
known oxsiccata from Nioolosi on the slopes ot Etna, viz.:— 

5. Strobl, FI. iEtn,, 24. vi. 1872. 

6. Lojacono, PL It, Select, no. 72. 

Nevertheless, these were referred to by their collectors to a form that 
Gussone, /.<*., and Lojacono, FI. Sic. iv. 2, p. 76, supposed to be distin¬ 
guishable from pustulatxim^ and wrongly referred to E. tuberculatum^ HofFmg. 
et Link, quoting Nicolosi as a locality. True E. tuberculatum, Hoflfmg. et 
Link, as interpreted by de Coincy in Morot, Journ. Bot. xiv. p. 303 (1900), 
and by Coutinho, FI. do Portugal, p. 500 (1913), and represented by the 
following specimens, does not exist in any part of Italy ;— 

* Alph. de Candolle remarks in Prodr. x. p. 19, Unddr K tubef*cul(ttum, omnia ex verbis 
cl. auct Nemo speeimina authentica vidit et omnes de bac specie disposueruut. Pater 
diversas plantaa ex Italia, Gallia et Hispania sub hoc nomine in herb, consooiavit, sed 
communio dissocianda.*' This judicious observation has been overlooked by many FTencb 
and Italian authors, e. g., by Loret, Glanea d'Un Boteniste, in Bull. Soc. Bot. Fr. vi. p. 406 
(1859), who, though he properly declines to identify the so-called pustuiatmi of southern 
France with Slbthorp's pustulatum, unfortunately refers it to tuberculatum^ Hoffmg. k Link. 
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7. Schultz, Herb. Norm. no. 1429 ; 8. Jose prope (>onimbricain, 

Maio 1882, le^. Moller (in Herb. Bailey at Maucliester), 

8. FI. Liib. Exm. Hort. Boi. Oonimbr. no. 110; Coimbra, Quinta das 

Maias, Aprili 1886, leg. Moller, but named ‘‘ pustulatum^^ (Herb. 

Mus. Brit.). 

9. J. Daveau, Herb. Lusit. 1878; Peiina de Pan, environ^ de 

Lisbonne (Herb. Kew). 

10. Burchell, (Jat. in Lusit. lect. no. 565, as F. ntlpare (Herb. Kew). 

The (jommon Kchunn that replaces E. vuhjare in 1 stria and the greater 
part of continental Italy is by no means identical ^Mth Sibthorp’s type 
of pusfidatum^ and is quite different from the Portuguese tuberculatum^ 
though usually known by one or other of these mimes. It seems inter¬ 
mediate between vuhjare and jmfitulattwi, and may \iell be known as 
E, LHilgare var. gratuliflorum^ Bert., under which name it has been admirably 
described by Bertoloni, FI. It. ii. pp. 348, 350. It is the pustulatam of 
Koch and of many Italian authors, but the iuherculafuut of Gussone’s 
Neapolitan herbarium. J. Gay noticed the difference between true pustu^ 
latum of Sibthorp and this form, which he jiroposed to call E. Teuoreauum, 
His M8. not( 3 s attached to the CJalabrian specimen of pu,stulatum in his 
herbarium (no. 2 above) are interesting. E, pnstulatum^ FI. Qr. Prodr. 
planta sicula. FI. G. t. 180 optima .... Sibthorpii icon, in FI. Qraec, meum 
calabricum specimen optime refert ; rami florifeii longiusculi et omnes 
partes hispidissima*; sed tota planta nimium viridis, quod forte uni pictori 
tribuendum. Uniim quod Parisiis vidi siculum E. pustulati specimen, 
in hi). Fontanesii exstat, in monte A^tmi a 1). 8chouvv lectum. Hnic in 
sesquipedalem lougitudineni porrecto et simplicis'^imo spicula) sunt 11, 
brevissimso vix unciales, extrorsum arcuatse, unde habitu eerie differt. 
Hoc vero non nisi ab ajtate juniore pendere videtur, Convenit vero cum 


Ilis treatment of the subject loses much of its value owing to his conception of pmtulatum 
being based on a Bourgeau specimen from southern Spain, ^^hlch is not Sihtliorp’s species, 
and has been referred by de Coincy to E, pycnanthum {atujvstifoliumy Lam., non Mill.), 
but his remarks on the French plant are interesting : “ Quoique Ti?. puatulatum de Toulouse 
et de la Flore de France ait uu facies un peu diff4ient de celui de VE. vulyare ordinaire, et 
qui suliit le plus souvent pour emp^cher de le confondie nvec lui, on ^prouve n^anmoius, 
lorsqu’on dtudie chaque organe, une sorte d’inipos«>ibilit4 d’y reconnaitre des caract^res 
stables et vraiment sp^cihques. Celui notamment qui est relatif a la forme de la panicule 
est tenement variable, et par suite si peu distinctif, qu'il me parait sans vaieur.’' He does 
not seem to have been aware that the nucules of these southern plants are not those 
of typical mtlgare, Rouy, on the other hand, FI. Fr. x. p. 317, being well aware that the 
French plant is not the true Poituguese tvherculatumy refers the former back to puatulatum 
treated as a subspecies of mdgarex but that he had no clear idea oipuatulatum appears from 
his quoting both Bourgeau, no. 1314, and Todaro, no. 931, as representing it, though these 
two exsiccata belong to different species. 
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turn. Echium puitulaimn Ten,* in herb. Mus. Paris (in arvis siocis circa 
Keapolim a Tenorio lectum) alia planta est, Echio vulgari longe affinior, 
foliornm pub^ cum hoc vulgari conveniens, diversa satis in bracteis, foliorum 
inargine et costa dorsali rigidioribus lucidis, strigulis brenssimis rigidis 
adpressis bractearum dorsum occupantibus, etc.” 

This intermediate var. grandijflorum is represented by the following, 
among many other, examples :— 

11. Portici al Granatello (near Naples), from Tenore as E. vulgare in 

Hb. Kew. 

12. Ibidem, from Gussone as E. tuberculatum in Hb. Kew, 

13. M. Gargano, from Tenore as E. vulgare in Hb. Kew. 

14. ‘‘In collibus aridis totius Dalmatiae,” Unio It. 1829 as E* pustu^ 

latum in Hb. Kew. 

15. Veglia (Dalmatia), leg. Bauer as E. pustulatum in fib. Kew. 

16. Zara (Dalmatia), log. A. Braun as E, pvstulatum in,Hb. Kew. 

The last three obviously represent Koch’s conception of B, pustulatum. 
Like typical vulgare this form occasionally occurs with pink coi'ollas, when 
it has been mistaken by Italian botanists—e.y., Bertoloni, FI. It. ii. p. 347— 
for E. angastifolium^ Mill, {htspidum Sibth.), uliich is not Italian t* 

Although I have looked through—somewhat hurriedly—all the French 
specimens of Echium in the Paris Museum and those of M. RouyJ, I have 
found none among them that are undoubtedly identical with Sibthorp’s 
pustulatum. Most so-named Spanish examples are referable either to 
E, Coincyauum^ mihi = iS. creticum^ VVillk. et auctt. hisp., non Linn., or to 
E, hispanicum^ Asso§ ^Anchusa angustis villosis foliis hispa7iica, Burr. Ic. 577, 
but I cannot speak positively as to others. 

The systematic value of E, pustulatum as represented by Sibthorp’s type, 
and its relation to the other forms referred to, remains doubtful. What 
is clear is that the vulgare of northern and central Europe is replaced in the 
Mediterranean, not by one equivalent form, but by sundry “ little species,” 
differing from each other as much as from typical vulgare^ and that these 
have hitherto been very superficially studied. Herbarium specimens are 

* Tenore usually sent out this form from the vicinity ot Naples as mlgm'ef sometimes as 
tuhereukitumj occasionally, as in the specimen here referred to, as pusivlatum* True 
puAtulatim he sometimes sent out under that name but sometimes as iuberoulatumy so that 
his specimens, for which a precise locality is rarely indicated, are valueless for nomenclature. 

I have seen Schouw s Etna plant in hb. Desfontaines, now at Florence; it is like no. 5 
above, and undistinguishable from Sibthorp s specimen, 
f See my Observations on JB, S^orpH in Nuov. Giom. Bot. It, xxv. p. 130 (1918). 

X Bony’s fine herbarium is iiOw the property of Prince Boland Bonaparte, who moat 
generously welcomes those who wish to study his magnificent collections. 

$ Mant. Sfirp. Indig. Arag. p. 162 (1781). A copy of this rare work is in the library 
at Kew. Specimens distribute by Pan are in the Bailey herbarium at the Manchester 
Museum. 
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usually very unsatisfactory in this genus. They should be collected with 
the complete radical leaves before flowering, then in flower, and again with 
fully developed fruiting spikes. Both true pustidafum and vulgare var. 
grandifiorum differ from our English vulgare in a more branching habit, wliich 
however is not developed in weaklings ; in corollas normally larger, of a 
different blue, which shows purple streaks or a slight purple tinge ; in 
stamens not so far exserted * ; and particularly in the nutlets, which, instead 
of being merely rugose with inconspicuous, if any, tubercles, are remarkably 
papilloso-tuberculate. This last character has been rather cavalierly treated 
by de Coincy, op, cit, p. 303, but if it can be established as constant it would 
be decisive in favour of a specific separation from vulgare of the I’orins in 
which it occurs. But it requires further observation on a sufficient number 
of fresh specimens in different regions. 

There is one other point to notice. De (Joincy, at pp. 303 and 323, 
distinguishes vulgare and pustulatiuu, treated as a variety of vulgare^ as 
having glabrous filaments, whilst in tuberculatum^ Hotting, et Link, at least 
one of the three posterior filaments is hairy, and usually all three.” Though 
hairy filaments are very important in some other species, notably in gra^idi- 
Jlorum^ Desf., they afford so feeble a character in tuberculatum (which is quite 
distinguishable on other grounds) that it has been deliberately ignored by 
Prof. Ooutinho. The hairs are very few and very weak, and extremely difficult 
,to see in any herbarium specimen—indeed, I very much doubt the constancy 
of their presence. Yet they are not always entirely absent, as they are in 
all forms of vulgare and in all specimens t>f pustulatum that I have examined. 
I have refrained from dissecting the few remaining corollas of Sibthorf>'s 
type, but as far as can be seen they are glabrous, and so they are in Todaro's 
identical plant. Nevertheless, in the detail of tab. IbO at least two of the 
filaments are shown as hairy, and I have verified that they were so drawn by 
Bauer in his original sketch. The kind of hairs figured, sparse and slender, 
suggests that Bauer must have really seen them. They are not the kind of 
pubescence that an artist would be likely to introduce apart from actual 
observation. I am unable to explain this matter further. 

(III.) Echium ANGUSTIFOLIUM, Mill., labelled by ISmith‘‘ Echium hispidum 
list of figs. Naples. Sibth. in H. Banks.” This is ])recisely E. hispidum 
of FI, Gr. tab. 181. The synonymy is E, angustifolium, Mill. Gard. Diet. 
(1768), non Lam. = E, hispidum^ Prodr. FI. Gr. p. 125 (1806) = elegansy 
Lehm. Asperif, p. 469 (1818)=/^’. Sibthorpii, K. ot S. Syst, iv. p. 26 (1819) 
=:i?. sericeum var. hispidum^ Boiss. Or. iv. p. 207 (1879). 

♦ The phrases included ” and “ exserted ” have been used ambiguously of the stamens 
of the irregular corollas of this genus. By included,” I understand shorter than the lower 
lip of the corolla; ** exserted ” should, I think, mean exceeding the upper lip. Stamens 
that exceed the lower, but fall short of the upper, lip ina\ faiily be said to equal the corolla 
and be called sub-exserted. 
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' Lehmann created the name ehgam and Boem. & Sch* that of Sibthorpii 
(before he had seen Lehmann’s poblication of the preceding year) for Sibthorp’s 
specieSj owing to the existence of Thunberg’s hispidum of 1794 (Prodr. PI. 
Cap* p. 33), the much earlier hispidum^ Barm. fil. FI. Cap. Prodr. p. 5 
(1768), being reduced at the same time by Lehmann to a synonym of 
E. eafntatvm, L. Both these are Cape Lobostemons, but in any case the 
priority belongs to Miller’s name^ the identity of which with Sibthorp’s 
E, hispidum I have maintained in my notes on the Echia of Miller’s 
* Gardener’s Dictionary.’ 

This species, which is the E. creticum II. of Clusius and the E* vrtiimm 
angiistifolnm mhrum of C. Baufain and of Tournefort, is plentiful in Crete 
and in many parts of Greece. By Linnseus it has been mixed up witli a 
totally different species under the confused name of E. creticum* Smith 
was misled into supposing that Sibthorp had obtained the plant “ in agro 
Neapolitano” by his false determination of the specimen in Herb. Banks 
now at the British Museum, which, as stated above, is not hispidum but 
push(latum. It is possible that Sibthorp himself at some period may have 
confused this South Italian pustulatum with the Greek species figured as 
E, hispidum A similar confusion had been made by Miller (see my 
note on his E. angnstifolium), 

(IV.) EcHnTMPARViFLORUM,Moench, labelled by Smith ^^Echium creticum:' 

(V.) Eohium pahvibxorum, Moench, labelled by Smith in Echum 
creticum ” and in pencil Sibth. at vix H[erb].L[inn], perhaps from Naples. ’ 
Both IV. and V, are parrtfiorum^calyciuum, Viv., no. V. being the usual 
seaside plant, and no. IV. the stronger form that develops in richer soil =var. 
erectum^ DO. Smith’s pencil note shows that the error of taking this })lant 
for E, creticum^ L., was not due to him but to Sibthorp. 1 cannot account 
for the false colour attributed to the corollas in Prodr. p. 126, where Smith 
calls them “ rubro-violacei,” and so they arc represented in tab. 183, 
whereas in most cases they are pale blue. The false identification in 
De Candolle’s * Prodromus,’ x. p. 22, of creticum, FI. Gr., with creticum, L., 
is explained by the observation in a footnote plan tarn Linn«ei et ic. FI. Gr. 
non vidit pater nec ego,” 

(VI.) Echiom plantaginbum, L., labelled by Smith ” Echium planfagiuevm 
H. L.” It is quite typical; the corollas have dried partly blue, partly 
purple. 

(VII.) Echium PLANTAOINEXJM, L,, from Zante, not named by Smith, but 
“ no, 45 0ovB6y'K»ctaop," In this the corollas have dried blue. 

(VIII.) EoHiUBi PLAKTAGIKBUBC, L., also from Zante, not named by Smith, 
but labelled 234 /SovyXmirp^oy,'^ In this case the corollas have dried pale 
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pinkish purple as shown in FI. Gr. tab. 179. E, plantaginevm frequently 
tends to this colour in the Ionian islands. In the Atlantic islands^ to judge 
by Ike numerous examples in Herb, Kew, it seems usually to be a rich 
purplish blue. 

(IX.) Echium plantaqikeum, L. Three small pieces on one sheet, on 
which is written in a clerk^s hand “ Herb. Sibthorp. South of Europe Qy?^^ 
These have not been named by Smith. 

(X.) Echium itaijoum, L., labelled by Smith “ E. italicum H. A 
small piece in fruit, verj' hirsute. 

(XI.) Echium italicum, L.,not named by Smith. On the sheet is written 
“Herb. Sibthorp. South of Europe Qy?^^ Both X. and XL are true 
E, italicum, not E* jH/miaicum, which does not seem to grow in Greece. 

(XII.) Echium arenarium, Guss., not named by Smith. It shows the 
typical small dark blue corollas with style as well as stamens included. 
This species is plentifully represented in modern herbaria from Crete and 
from Attica. Halacsy, Consp. FI. Gr. ii. p. 340, wrongly identifies 
E. diffusnm, Sibth. et Sm., with E. arenarium, 

(XI11.) Echium diffusum, Sibth. et Sm., labelled by Smith Echium 
dijusum FI. Gr. tab. 182.^^ The specimen is in fruit, 

(XIV.) Echium diffusum, Sibth. et Sm., not named by Smith, but with 
the printed label “ J. Sibthorp showing it to have been collected by 

Sibthorp. It is identical with no. XIII. These two specimens differ 
foto cu'lo from E, arenarium in their reddish corollas with conspicuously 
exserted istyle and stamens as long as the upper lobe.s. The fruiting calyces 
also difler from those of arenamum. It is true that in FI. Gr. ii. p. 69, 
E, diffusum is described staininibus corolla brevioribus^' and tab. 182 shows 
them about as long as the corolla. But in these specimens they are longer 
than they are drawn by Bauer and certainly not shorter than the corolla. 
The colouring of that figure and the words in the text, “flores punicei, 
precedenti (sc. K. hispido) similes,” exclude K. arenarium. In fact, 
E. diffusum is precisely E. sericeum^ Halacsy, loc, cit. p. 339, non Vahl, 
quoted by that author for the plant from the sandy shore at Canea, more 
correctly referred by DC., Prodr. x. p. 23, to E. diffusum. Identical 
specimens from the isle of Naxos may be seen in Herb. Gay at Kew, ticketed 
E. diffusum Smith. In Naxo insula ann. 1829 ; Despr^aux sine nomine 
in herb. Deless. Frustula haecce speciminis multicaulis dedit Guillemin. 
Schedulse Despreauxianse nomen E. arenarium Guss. propria manu addidit 
Guasone, sed false, ui inihi videtur. Species valde aifinis E. setoso, Vahlii, 
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iAiis diversAi^ DiverAissiina a sstoso Delile seu ar^nario Qtiss./' and 
ai^ain in Heldreich’s exsiccata from that island under the name of 

ar^nanum /S. Sieberi, This var* Suberi was so named by De Candolle, 
Prodr. X. p. 21, and is based on an Egyptian specimen collected at the 
Pyramids by Sieber, which I have not seen. The Egyptian exsiccata 
most like Sibthorp^s plant and those from Naxos are a prostrate form of 
E. sericenm, Vahl, from Rainleb, with subexsert stamens, which differ from 
Sibthorp^s d^Jitsum in possessing the adpressed pubescence of typical 
$ericeum* 

Boissier, FI. Or. iv. p. 207, treats E. dijffumm as a variety of tericevm, 
quoting it from Cos and Cyprus as well as from Crete and Naxos. This is 
right from his point of view, as he also treats E. anffvstifolium^ Mill., 
as var. elegans of E, sericeum* But if anquUifolium and sericeum are kept up 
as separate species and dtffusum submerged, it is a problem to which of the 
former dtffumm should be referred as a prostrate variety. The chief 
difference between those two species is in the indumentum—adpressed and 
rather silky in sericevm^ but patent and hispid in angu&tifohum. That of 
diffuium seems intermediate, but to my eyes nearer to that of angustifoluim^ 
where it would also be preferable to place diffusum on geographical 
grounds. It seems best to retain diffusum as a species until inncli more 
copious material is available. 

The synonymy therefore is E. diffusum^ Sihth. et Sm., Prodr. i. p. 125 
tsE. sericeum^ HalAcsy non Vahl ^E, sericeum, Vahl, vai. dffusum^ Boiss. 
^E. arenariam var. Sieheri^ Heldr., exsicc non DC. 


IV. 

THE LINNEAN SPECIES OF ECHIUM. 

The Edita of Linnaeus and his son comprise six South African species now 
referred to the genu« Lahostemon ; one from Asia Minor transferred by 
Boissier to his monotypio genus Megacavyou ; three shrubby species of 
Echium from the Atlantic islands, and nine European herbaceous species. 
It is only with the last that I propose to deal fully, as the Atlantic species 
and the Megacaryon offer no difficulty, and I am not sufficiently acquainted 
with the South African flora to say much about the Lobostemons, though 
two of these, nos. 1 and 6, raise problems of interest. 

Not all these nineteen species are represented in the Herbarium, which, 
however, contains three not mentioned in the Linnsean writings, viz.; 
Lobostimm montanusy Buek, Echium rubrumy Jaoq.. and a small Echium from 
Spain which 1 cannot determine with any confidence. 

1 shall first enumerate the species, then the specimens, then offer some 
general remarks, and finally discuss the European species. As tiie sheets in 
the herbarium are not numbered^ they are referred to by letters of the 



SOME CRITICAL SPECIES OF KCHIUM. 




alphabet, as the use of numbers might lead to confusion should the sheets 
themselves be numbered at some future time:— 

(I.) Lobostemon*. 

1. JEchium argenteuiriy L. Mant., p. 202, non Lohostemon argenteifs, 

Buek in Linnsea, x. p. 133. This is specimen 0 in the herbarium, 
labelled argenteum. It has been examined by Mr. N. E. Brown, 
who confirms that it is not the 7^. argenteits of Buek, but a 
species not otherwise known, which he has described and named 
Lohostemon magnisepalum in a paper read before the Linuean 
Society on G February, 1919, which will appear later in this 
Journal. The herbarium contains no specimen corresponding 
to E, argenteus^ Buek. 

2. Ecliium capitatom^ L. Mant., p. 42^Lohostemon capitatus, Buek, 

L c. p. 143. Specimen Q. 

3. Echiuni fndicosumy L. Sp. PI. (1753) p. 12^=Lohostemon 

frinicosns, Buek, /. c. p. 134. Specimens H, S, T. 

4. Echinni l(VvigatNm, L. Sp. PI. (1762) p. = Lohostemon 

UeingatuSf Buek, /. c. p. 139. Specimens U, V. 

5. Evliinm spicatus, L. fil., Suppl. p. Lohostemon spicatus, Buek, 

L c, p. 145. Specimen W. 

6. Echiumy unnameds=s7yc/>05<^mun montanusy Buek, Lc. p. 152, on 

the authority of Mr, N. E, Brown. Specimen P. 

(II.) Megacatiyon. 

The herbarium contains no specimen of Echium orientale, Sp, PI. p. 139, 
and it is practically certain that Linnaeus never saw the plant in any form. 
Its identity depends entirely on the synonym quoted from Tournefort, 
“ Echinm orientaley verbasci folioy flore mauimo campannlato,^^ and that 
author^s account of it in his “ Voyage au Levant,’ ii. |). 243 (1717), or iii. 
p. 83, in the English translation of 1741. It is firtet mentioned by Linnaeus 
in Hort. Cliff, p. 43, Echium caule ramoso, foliis cauUnis ovatis, jionhus 
solitariis ex alis. Tourn. Cor. G ; itin. 3, p. 94. Crescit in Orionte.^^ The 
diagnosis in Sp. PI. is a mere transcript of this with the word lateralibus 
substituted for “ ex alis.^^ Tournefort found his plant at Grezi on the road 
from Trebizond toward Armenia, His description and the locality make it 
certain that it is the species for which Boissior created his monotypic genus 

* I have not included in the Loboatemon list an Echium glabmm, lAnn., Epist ed. van 
Hall, p. 27 (1880), where that name is given in a letter to J. Burman, of Oct. 4th, 1768, 
for a plant received from him. The diagnosis runs, E, glabrumy cauie loevi, foliis lanceo- 
latis nudis, margine carina apiceque scabris,*’ with synonyms of Pluk., Old., and Herm. On 
the strength of these synonyms, Kichter, Cod. Linn. p. 166, identities this plant with 
Jgf. Uavigntum, published two years after this letter was written. E, gtabrumy Vahl, and 
JS, glabrumy Thunb., are of course much earlier than this E, glabfuniy Linn., of 1830, 
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Mf0^myon in PI Oi% Nov. Becas i. p. 7 (Feb. 1875;, based on Bonrgean^s 
Hipecimen from Maeka. Boissier does not there allude to LifinsBua or 
Toumefort, but in FI. Or. iv., published later in the same year, he altered 
the name from Megacarym armenum to M» orientale^ quoting EcJiium 
oriefUahy L., and Toumefort^s synonym. 

The synonymy therefore is Megacaryon orientale, Boiss. Or. iv. p. 204 
(1875)=:-3/. armenum^ Boiss. PI. Or. Nov. Dec. i. p. 7 (1875, Feb.) = Onoma 
megalospermumy Boiss. in Bourg. exAcc.^EcMum orientaley L. Sp. PI. p. 140 
(1753)=:JSJ. grandijlorumy Salisb. Px'odr. p. 115 (1796), non Desf. 

Boissier says “ ex unica corolla exsiccata in speoimine fructifero fausto 
oaso superstite florem desoripsi/* but since then fine specimens in flower 
and fruit have been collected by Sintenis, It. Orient. 1892, nos. 4159 and 
4859, from two places in Paphlagonia. These may be seen in Herb. Kew 
and in Mus. Brit. Poiret, Diet, Encyc. viii. p. 673, says that he has seen 
TournofortN type in Herb. Juss. He no doubt was alluding to specimen 
no. 6613, which, although labelled orientale^ is nothing but /?. plantagineum. 
There is no example of TourneforPs species in his own herbarium. That 
Linnfeus never saw a specimen is certain, not only from his giving no 
diagnosis of his own and merely quoting Tournefort, but also from an MS. 
note in his interlea^ed copy of Sp FI. ed. 2, where he quotes for orientale 
Tournefort's figure, and also Trow, PI. Rar, tab. 1, published in 1768. 
Trew’s figure, which seems to lepresent E, grandifiorumy Desf., is so utterly 
unlike Megacaryon orienfaJey that no one who had ever seen an example of 
that striking plant could have connected this figure with it, 

(III.) Eohium. (A) Atlantic shrubby species. 

1. Eohium eandieansy L. fil. Suppl. p 131. Specimen A, which is 

actually the type referred to by Linn. fil. 

2. Eohium giganteumy L. fil. ibidem. No specimen. 

3. EeJuum strictumy L. fil. ibidem. No specimen. 

(IV.) Eohium, (B) European herbaceous species. 

1. Eohium cretioumy L. Sp. PI. (1753) p. 139. Specimen N, 

2. Eohium italicumy L. ibidem. Specimen H. 

3. Eohium lusitanicumy L. ibidem. Specimen M. 

4. Eohium plantagineuniy L. Mant. p. 202. Specimen C. 

5. Eohium pyrenaieum, Desf. (L. Mant. p. 334). Specimen I. 

6. Eohium ruhrumy Jacq. Not mentioned anywhere by Linnseus, but 

represented in the herbarium by the three unnamed specimens 
J, K, L. 

7. Echinm violaceumy L. Mant. p. 42. Specimen F. 

8. Eohium vulgarPy L. Sp. PI. (1753) p. 139. Specimen B. 

9. Eohium - -? Specimen G. 
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The Linnean lierbariura contains two covers marked Echium. In those 
there are 23 sheets, of which only thirteen hear specific names in the band¬ 
writing of Linnsous; two more are in that of his son ; but eight are unnamed. 
In two instances there are two sheets pinned together, although bearing quite 
different plants. As there is no evidence that they were so pinned by 
Linnaaus himself, this raises no presumption that he supposed the pinned 
specimens to belong to the same species. 

Of the 23 specimens one is a minute example of Lithospermum aptdnm ; 
nine are Lohostemons from South Africa ; one is Echium candlcans from 
Madeira, and the remaining twelve are European species. 

For the sake of clearness, all writing on the sheets is here quoted in italics 
between inverted commas, and followed by the letters L., L. fib, or J. E. S, ; 
the last standing for Sir J. E. Smith, all whose notes are written in pencil. 

List of Specimens. 

A. Inscript. “ candicans. Madera il/a^on,” L. fib, and a tergo “ Echium 

2 )lania(jfineum thyrstfortim in rupis ’’ (sic) ‘‘ aJtiorihus, Mason ex 
liHeris^^ L. fib A fine specimen. 

B. Inscript. S, mlyare^^ L. It is sine loco. 

C. Inscript. plantaginifolium 11. (7.,” L., indicating that it is a cultivated 

specimen from Hort. Ups. 

D. Inscript. A. 39^^^ L., and Was pinned to vuUjare. E. orientale 

II. B, ? J. E. S. Sine loco, but probably received from Alstroemer, 

E. Inscript. ‘‘ L. 152,^^ L. Sine nomine aut loco, but the inscriidion 

indicates a plant received from Loefling, and therefore from Spain or 
Portugal. Below this sheet is pinned sheet G. 

F. Inscript.ilJ. violaceum 11. L. (Jultivated specimen from Hort. 

Ups. 

0. Inscript. “ 152a/^ L., and a tergo Echium montanum parvum, flare 
magno. In montibus Espartal. Lo , . ./^ L. The last three letters 
of the collector’s name are undecipherable, but he was probably 
Loefling, This sheet is pinned below sheet E. 

H. Inscript. “ 2 {talicvm^"^ L. Sine loco. Below this sheet is pinned 

sheet J. 

I. Inscript. pyrenaicum 11. f/.,” L., et a tergo ^\flore$ purpurei^^* L. 

A cultivated specimen from Hort, Ups. 

J. Inscript. L., signifying that it came from Gerber, who collected 

in South Russia. This sheet is pinned below sheet H. 

K. No inscription. 

L. No inscription. 

M. Inscript. “ Echium hisitahicum folio ampUssimo Tournl* in the hand¬ 
writing of Jan Burman, then “ lusitanicum ” in that of Linn, fib, 
followed by J. E. S. 
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N. Inscript. crelicum 4” L. and a tergo “ Ethium (retimm/^ L. 

0* Inscript. Echwm argenteum L. The number is doubtless that 
of the specimen in the list of those sent by Tiilbagh to Upsala about the 
year 1767, which was published as n Supplement to the ‘Proceedings 
of the Linnean Society^ for 1917-1918. In that list No. 145 is said 
to come from the Swartberg, but is theie relened by Linnaeus to 
Ecldum fruticosnnu 

P. Tns(Tipt. “ Sp. L., indicating that it came from Sparrman, who 

collected in South Africa. 

Q. Inscript. “ capitatum,'" L. 

R. luscript. Echimn Jruticosian^^^ L. 

S. Inscript. ^\fmticosum pS/’ L., which again suggests Sparrman. 

T. Inscript. fvuticosian/* Ji. 

U. Inscript. hrnlgatum/^ L., and B, et Willdenoio*^ J. E. S. ; H. B. 

meaning Herb. Banks, 

V. Inscript, ‘‘ Ifrrigaiiim/^ L. 

W. Inscript. “ Echimn spicatum,^^ L. til. 

Z. No inscription by Linnaeus, but “ Liihosp. apithnn ^'' J. E. S. Smith’s 
determination seems correct. 


(I.) ECHIIJM CBETICUH of Linnaeus is an inextricable compound of two 
distinct species :— 

1. E* creticum anr/ustifolium riihrum, C. B. P. =15'. amfustifolium, Mill,*^ 
(17G8), non Lam. hispidum, Sibth. & Sm (1800) =:E, elegans, Leliin. 
(1818) =7^. Sibthorpii, Roem. et Sch. (1819). 

2. E. creticum latifolimn ruhrum, C. B. P. =7?. creticum, herb. Linn, 
szE. auslrale, Lam , non Coincy, a garden foim certainly not derived from 
any native of Crete or the eastoin Meditenanean, and not specifically dis¬ 
tinguishable from E, grandijlorvm, Desf. 

The heibarium specimen is identical with that of E. austmle in hi). 
Lamarck, which I have examined. I have discussed Lamarck's species in a 
preceding paper, which should be read witli the present observations. It 
only differs from E. grandijiorum, Desf., in having ooiollas about one-third 
smaller. Its identity with the species oi Desfoutaines has already been 
claimed h}^ Moris, who visited the Linnean herbarium andiemarks in FI. 
Sard, iii. p. 128, “ Herbar! specimen e planta luxuriaiite ” De Coincy 
declined to grapple vvith the problem of the identity of E. creticum, L. In 
May 1918, I received seeds of grammiorum fiom Prof. Battandier of 
Algiers, which by the end of July had produced plants in my garden at 


♦ The justification of the I'evival of Miller’s nnmc, whicli ha«i been overlooked, will be 
found in my paper on the Echxa of Miller’s * (tardener’s Dictionary,’ i'rfta, p. 437, 
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Selham, Sussex, identical with tlie Linnean specimen. The later sowing- 
shows difEuse lower l)ranclies lyin^ on the i^round, which explain the “ caule 
procunibente’* of the misquotation (see below) in Sp. PI. p. 139. The 
corollas vary in the same plant from 28 to 35 mm., but hardly attain the 
largest Algerian size. 

The herbarium specimen of E, creticum consists of two pieces on the same 
sheet, possibly from the same plant. The larger is the upper part, about 
35 cm. long, of a plant in flower with a branched stem. The six branches 
vary from 11 to 15 cm. in length. They are therefore approximately equal, 
giving an appearance of a d^ffu^e habit. In this piece the lower calyces are 
as much as 2 cm. apart and barely 1 cm. long. They are exceeded by the 
bracts, the lower of which are sub-foliaceons, but the middle and upper 
exactly match those similarly placed in A’. </runrf/;yor?na, Desf., being broadly 
ovate at the base and acuminate, with the two sides conspicuously unequal. 
The smaller piece is a single branch in fruit, 26 cm. long, but not yet fully 
extended as the uppermost corollas are still in flower. This has fruiting 
calyces only 1 cm. apart, but cm. long with unequal lacinioe. 

The corollas are very oblique, shaped as in E. ffrandifiorum^ about 2‘5 cm. 
long in sicco^ and less than 1 cm. wide at the throat, {«oftly pubescent outside 
without long hairs on the veins ; the lower lobes shortly and closely ciliate, 
but the upper without cilia*. The stamens are shorter than the upper lobes 
and are best described as subexsert; they are very hairy. The colour of the 
corolla is now a dark dingy purple (quite unlike that of the specimen of 
riolac€U)n, which has dried hluo), and has obviously been red in the living 
plant. The leaves vary from ovate to oval, being much broader (8-10 cm. 
by 3--4 cm.) than in any of the specimens of i;ran(iif{ or urn from south-eastern 
France, hut only a little broader than in some of those from the Spanisli 
border and from Algeria. The lateral veins are conspicuous, as shown in 
Desfontaines’s figure of (jrandifiorum. Their indumentum is dimorphous, 
with few long bristles arising from inconspicuous tubercles. It is, in fact, 
that of p^andijforuw, but scantier, which I attribute to the effect of cultiva¬ 
tion. As in that species the dried plant is the colour of tobacco. 

To sum UJ3: this plant appears to bo a garden form of grandiflonnn with a 
more widely branching habit and wider leaves than normal. Though 
identical in shape, pubescence, and colour, the corollas are not so large as in 
fine specimens of (frandljiorum, Desfoiitaines\s figure (FI. Atl. tab. 46) shows 
a less widely branching plant with narrower stem-leaves than the Linnean 
specimen of which is well represented by the figure in Bweet^s Brit. 

Flower Garden, tab. 101 (April Ist, 1825), under the name of E. australe. 
This was a garden plant grown from seeds received from Germany under 
that name. Sweet^s description is well worth consulting. 

Specimens corresponding with that of Linnjcus are not uncommon in the 
old herbaria. They all are undoubtedly taken from garden plants. 

2 h i 
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The question now arises whether the name E. creticnm^ L., should be used 
either for E, australe, Lain. = E. ffrandtflorum^ Desf.,or for E, anguBtifolium^ 
Mill. ssZ?. elegatis^ Lehm., or whether it should not rather be entirely dis¬ 
carded as a nomen confinum. The following considerations will, I think, 
establish that it must be discarded:— 

It will bo best to begin with the history of the name cretioum^ which first 
appears in Olusius, Hist. ii. p. 164 (1601). He describes two species as 
E* creticum I, and E. creticum II., both from garden plants. His descrip¬ 
tions are not in themselves such as to allow of certainty, but it is pretty 
clear that No. I. is the creticum of herb. Linn, and No. II. is E, angnstifolium^ 
Mill. He oliserves “ bina porro alia Echii genera, (Jretico semine, quod 
mittebam, nata, creverunt Joanni ab Ilogelahde, anno MDXOIIT. . . . 
aocipiebam aiitem semina, ox quibus ha^ plantsc nata, non Echii appellatione 
sed Anchuscr, cuju& semen e Oreta allatum esset.^^ The use of the mood in 
asset indicates that though the seeds were supposed to have come from 
Crete, this was unceitain. This little turn of the Latin did not escape 
Linnseus, who says in Hort. Cliff, of No. II. “crescit forte in Creta.’^ The 
Cretan origin may be accepted for No IT but not for No. I., ns no Ecliium 
resembling the Linnean specimen or those of the otliei old herbaria has over 
been found in the island, E. cretuum^ FI. Gi. being notoriously E. parci^ 
dorumy Moench. 

The next mention of the name is by C. Bauhin, ‘Phytopinax,’ p. 489 (1596), 
where, distinguishing E, rnbmm creticum from JJ. vulgare^ he says ‘‘ minus 
est, sed raraosius, paucioribus flonbus; eleganter rubent; tota planta 
Lycopsin alteram anglicam Lobel icon. p. 579 pluriinum rofert.^’ The 
allusion to Lobel’s figure, which represents E* italicum or E. pyreuaicum 
(see my notes on Miller’s Echia)^ shows that Bauhin meant Clusius No. II. 
ssiE. arigustifoliumj Mill, Afterwards, in the ‘Pinax’ of 1623, p, 254, he 
enumerated without diagnosis two species, E. creticum laUfolium rnhrum and 
E. creticum angustifolium rubrum. These are the names which constantly 
recur in later authors and obviously correspond to Clusius’s creticum I. and 
creticum II 

It is uncertain, and indeed immaterial, to which of these two should be 
referred the Echium Candice flore pulchre rubentc of J. Bauhin, Hist. iii. 
p. 589 (1651), distinguished from E, mlgare as “ magis ramosa, Acres forma 
similes, nempe hiantes, sed colore diverse pulchro, scilicet rubente.” Though 
I think it more probably corresponds to creticum I. 

Linnseus first speaks of E. creticum, in Hort. CliflE. p. 43 (1737), as follow s: 
‘‘ Echium caule simplici, foliis caulinis Unearibus^ Jloribus epicatis ecc alts, 
E* creticum angustifolium rubrum Bauh. Pin, 254; Boerh. lugdb. i. p. 194. 
E, creticum 2 Clus, Hist, 2, p. 145. Crescit forte in Crete, unde (Ausius 
semina hnbuit,” The Hort. Cliff, plant is theretore identical ^ith J?. angustir 
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^olium^ Mill., to tlie exclusion of cretimm latifohum, which explains why 
the specimen of the latter in Herb. Hort. Cliff, bears no name. 

We next find in IToit. Ups. p. 35 (1748) Eclnvm cali/cihns fructiferis 
distantihus [1] ; E, caule smplicl f. catdmu linearibus etc. Hort. Cliff. 43 [2]; 
E. creticum amjustifoUum ef latifolium vuhnnn Bauh. Pin. 254 [3]; E, rubro 
fiore Kaj. hist. 499 [4]; Hnb. in Syria unde seinina habui [5]; Differt (sc. 
ab. /^. sjiecie pnccedonti) caule inagis rainoso, inagis folioso. foliis 

maois ovatis, corollis mnximis rubris [6].” So here confusion begins. To 
analyse the six statements T lia\e numbered : [1] is his new diagnosis which 
he afterwards repeats in Sp. PI. It is very characteristic of the herbarium 
specimen, of some examjdcs of E, plautiKjhieuin^ and also of E, (jrandijlovum^ 
but is inapi»licable to E, aihfustifolium, [2] (^in only apply to E, anpusii-> 
folium. [3] Mixes up Bauhin's two very di'ntinct s) eeies. [4] Is quoted in 
error, as this synon}in belongs to E. rubnim, Jacq. See my notes on that 
species. [5] Seeds of E. a ngu sift folium may well have come from Syria, 
where that kind is plentiful, as well as in Greece and CVete, but neither 
angustifolium nor any other Syrian plant could have given rise to the 
herbarium specimen*. [G] The wdiole of this observation only agrees with 
the herbarium specimen, admitting of Clusius No.T, The “corollis maximis 
rubris^' is very importfuit. It is consistent with only two species, viz. 
/?. atmnunu, Fisch. Mey., and E. auUmle, Jjam., var. macrautlium., (Vmtinho 

E. gfundij/oruni., Desf. But E. amoiuum is out of the question, so that 
graud\fiorum is the only alternative. Both “ maximisand “rubris'’ are 
fatal to E. cretienm^ FI. (h*., wduch notoriously is E. parcijlorum^ Moench, 
and “ maximis excludes E, augustifolium. 

We now come to E. creticum, 8p. PI. p. 139. where there is no fresh 
diagnosis but only the quotation of three synonyms, that from Hort. Ups, f, 
that from Hort, C3iff., and the E, creficum latifolium et augustifoUum^ C, B. P. 
Also “ Habitat in Crefa^^ and the obs. stamitta non longiora lahio hreriore 
corollwJ^ The note about the stamens agrees fairly well with the herbarium 
and with E, grandiflorum^ but excludes E. angustifolium. 

Some further liquid (?) is thrown by tw'o incidental remarks in Mant. ii. 
p. 202, where Linnajus says of E. plantagineum “ corollae violaceie, non 
caBrulea3 E. vulgaris nec breviores E. cretici” and “bracteae longitudine 

* It is possible that Linneeus may have recei\ed the seeds of his herbarium specimen 
from his frequent coriespondent Gouaii, who might t^tisily have obtained U, amtrale from 
Southern France and forwarded it under the name of creticum without mentioning its origin. 
In the British Museum there is a specimen like that of Linneeus from Hort. Gouan, unnamed 
by him, but labelled by Solander first creticum and subsequently Imitanicum !! 

t Linneeus here strangely misquotes his own Hort. Ups, by altering/rMcf/yijrw to fructes- 
cmiibus and adding the words cmde procumhentef which are not found in Hort. Ups. 
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calycis non subulatae K vulgaris nec oalyoe longioros E. creticL^^ The remark 
about the bracts agrees with the herbarium and excludes iiJ, angmtifolium. 
The difficulty is the phrase neo breviores E. cretin/* There must be some 
slip of the pen or of the printer. The most natural interpretation of the 
words is “not shortish as those of (veticum**^. But that would be in 
direct conflict with fact and with the corolUs majcimu ” of Hort. Ups. We 
should have to suppose that his tlioughts had shifted to E, cretivum august!^ 
folium^ for its corollas are smallei than those of E.vuhjare and much smaller 
than in E, plantagineum. But this supposition does not seem compatible 
with the immediately following lemark about the bracts. The only alteina¬ 
tive is to suppose either that cretici is a mi‘^print for cretico, or that the word 
illis has diopped out after hrevioreSy and to intcipret “not shorter than 
E. cretUum ** or “ not shorter than those of E. c'tetitwu/* This would make 
good sense and fit the facts, but it would put a great strain on the words as 
they stand. 

Lastly, in Mant. p. 334 (1771), Linnams added cietunm ; corolla 
saturate nihrce^ Utho calyethus breviore. Filameuta apice parum pilosa/* The 
haiiy filaments exclude angustifobum in which they are glabrous, but are 
most characteristic of aastrale and of its large flowered form. The hairs can 
be seen in the herbarium specimen, ol which also the coiollas look as if ihey 
had been “saturate rubrfc,^^ judging b} their piesent dull dark reddish 
appearance. The phrase “ tubo calycibus brevioie,’’ however, presents a 
slight difficulty, as it does not seem compatiblo with “corollis maximis ** Tt 
may be meant only to indicate that the calyx-segments aie romaikabJy long, 
as indeed they are in grandijloi^fm and in the herbarium specimen t* 

(^an we he surprised that, after Linnam^ had so hopelesslj mixed up two 
species which his predecessors had kept distinct, his followers should have 
found themselves perplexed ? It would be sheer waste of paper to go 
through all the ways in which the name creficma has been used subsecpiently; 
de Coincy calls it I’inovitable creticnm que tous les anciens botanistes ne 
manquaieut pas d’appliquer a tons les Echium(\\/\h ne savaient pas nommer.’^ 
It will be enough to say that the creiicvm of Poiret t, of Lehmann, and of 

* Is It possible that these w ords may have led Sibthorp,and consequently Smith, to apply 
the name ereticum to E, Moench P 

t The way in which authors speak of the corolla tube being longer or shelter than that 
of the calyx in this genus is very vague, as they do not define the point at which they con¬ 
sider the tube of the corolla to end and the limb to begin. As a rule, there is no marked 
separation. 

X Poiret, Diet, Encyc. viii. p. 671, makes two vaiieties of E. erettoum, I’eferable respec¬ 
tively to E. angwttfoHum, Mill., and to E, senoeum, Vahl, wrongly quoting (together with 
sundry other misapplied i^nonyms) E. ereUcum laUfohvm mhrum^ Toum., for the hist, and 
E. neixcmi migmUfolmm rwfiram, Tourn, for the second, with the observation, “La 
premibre recueillie en Syne pai* M. de Labillardi^re, est bien cells de Tournefort, comparee 
avec son herbier, et la seconde celle de Forskal. V. s. in herb Desfout.” This statement is 
criticised as follows by Guy in a note m hts hex barium: “ Poiret a dtoit son ^eticum sur 
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de CandolleV ‘ Prodronms ’ are inextricable muddles of plants and of 
synonym'^. 

The conclusion then is :— 

(1) The Linneau specimen and othcn* similar garden forms should be 

called E. anstrale, Lam., not E, rreticifni, 

(2) E, creticum^ L.. is a confusion of two totally distinct species, and a 

confusion so intricate that the name cannot be used for either of 
them, or indeed for any species, but must be rejected as a nomen 
(OHjhxtfni, 

The follo^^illg old specimens, all undoubtedly garden plant‘d, are the same 
as that of the Linnean Herbarium. All except the last two are at the 
British Museum :— 

1. From Hort. (ditf., unnamed. 

2. Herb. Miller, labelled in Miller^s hand E, ralf/cihns frnvteM'entihvs 

etc. 11. U. 35 ; />. cretinuu latifolhon ruhrum and by Kolander 
“■ E. cretirumj^ This U the smaller pie(‘e on a sheet, the larger 
])iece oil which is E. plantaginenm^ although the names seem 
intended to apply to both pieces. 

3. (iielsea garden, no. 13()7 of 174-1), labelled A’, cretiann (ingnsti/olunn 

liihrnm (\B. 1\,’’ angustifoliam''^ being obviously a slip of the 
p(‘n for latlfolhnn,^^ 

4. Herb. Leche ; two ])i(‘ce'^, one labelled originally lusitanlvnm^^ \)\\\ 

subsequently creticifm L. il. S." (Linna'i Hortus Siccus), the other 
labelled cveiUonn Sp. PI. 139.**' 

5. Hort. Gouan, unnamed by him but labelled b\ Solander fir^t ^*cretl- 

cum ” and subsequently lusitanicum,^' 

0. Herb. Pallas, labelled originally “ nolacenm ” and then by Solander 
also “ nolaveum/^ There are two pieces on the sheet, one being 
cretfcnm, Herb. Linn, but the other plantagine inn, 

7 and 8. Herb. Pallas, both labelled originally ‘‘ cretievm,'’ then by 
Solander first “ creticum but subsequently australe,^^ 

9. Herb. Pallas, labelled originally “ E, creticum hortense,^'" then by 
Solander first “ creticum and subsequently austral There are 
two pieces on the sheet, one being creficuin, Herb. Linn., but the 
other is E, amoenum, Fisch. & Mey. 

diere. II y rapporte 1’^. cret, latif. rubt . de Touriiefort, et en lisant sa de^cr. on croirait 
qii’il a vu cette plante dans Therbier de Tournefort. Jl est pourtant certain qu’elle ii’y est 
point. A sa place on troiive VE, cret, angusiif, ruhr, Toiirn. que Poiret rapporte inal a 
\ar. i9. et qui est identique avec les dchantillons de Labillardi^re.’’ (lay is right, but in 
herb. Desf., besides the Labillardiere specimens fiom Syria, which are just E. atujustifotuimj 
Mill., there is one of Delile’s from Egypt, which is typical E. mVmon, Vnhl (^ee iny notes 
on herb. Jussieu, no. 0030). Mow typical seriemm has even narrower letnes than anguBti- 
folium^ which is the probable explanation of how Poiret came to misapply the two Bauhin 
phrases adopted by 'ruiirnefort. 
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10* Herb* Smith “ ex Herb. Davall. 1802/^ 

'll. In the Fielding Herbarium at Oxford, an old example sine loco marked 
creticum.^^ 

These specimens reveal how vague wore SolanderS notions of his great 
mastei^s species of Echium. There are sundry other old specimens at the 
British Museum marked creticum which ai e neither creticum of the 
herbarium nor angustifolhun^ Mill. For instance :— 

a. Herb. Sloane, vol. 198, p. 50, from Petiver’s ^ Plantae Rayanse ’ marked 

E» cret, latif\ rubrvm^^ is E^ plantar/ineum, 

b. Herb. Sloane, vol. 306, p. 154, from Herb. Uvedale, similarly labelled, 

is E. lusitanicum {E. Broteri)* 

c. Hort Cliff., labelled “ E. creticum latifolium rvhrum and creticum 

is E. plantagineum. 

d. Hort. Cliff., labelled creticum angusiifohum rubiam^^ (though 

identical with the preceding specimen) is also plantagineum 

(II.) ECHIUM ITALICUM and ECHIOM PYEENAICUM are best dealt with 
together, though I consider them to be quite distinct &j)ecies, italic um being 
identical with jS'. Jacq., but E, pyrenakum with E, pyramuiale^ 

Lap. 

The diagnosis of italicum^ without the name, first appears in Hort. Ups, 
p. 35 (1748) as E. corollis vix calycem excedentihui^^ margine villosis, with three 
synonyms; (1) E, majus et asperiusJlore albo, Bauh. pin. 254, Raj,hist. 498 ; 
(2) Ethii altera species^ Uod. pempt. 631; and (3) Lycopsis Bauh, pin, 255. 
There follows the obs, ‘‘Differt ab Echto vulgarly FI. Suec. 158, foliis palli- 
dioiibus, angustioribus, Isevioribus ; lacemis minoiibiib, corollis cinereis 
h. coeruleo-exalbidis vix calyce longioribus,^’ also “ Halutat in Anglia, Italia. 
Hospitatur in frigidariis, biennis.” The diagnosis and obs. therefore tell us 
that (a) the corollas are small, but exaggerate their smallnesb, (6) that they 
are villous on the margin, (c) that they are pale, grey or bluish white. 
(a) and (b) admit of any of the forms that ha\e claimed to be italicum of 
Linnaeus, but (c) definitely excludes pyrenaicum^ in which the corollas are 
pink, with the beautifully coloured stamens so carefully described in the 
Mantissa and by Lapeyrouse. And it is to be remembered that in both cases 
Linnseus was acquainted with the living plant, so that we are not thrown 
back on the synonyms to so groat an extent as in some cases. 

The habitat Italia would cover both altmimum and pyrenakum, though the 
latter only occurs there within a limited area. Anglia is impossible for 
either*. To the statement biennis I shall refer hereafter. 

To come to the synonyms : (1) C. Bauhin^s name is undoubtedly the well- 

* In quoting Anglia, LinnieuB only followed a mistake of the old English botanists, which 
I have traced and fully discussed in my paper on the Echta of Miller's < Uardener’s 
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known whitish-flowered plant figured by J. Bauhin, Hist. PL iii. p. 586 
(1651), that agrees with Liniianis’s “ corollis cinereis etc.’^ ; and o£ wliich 
an extra luxuriant individual is figured by Jacquin us altissimum. What 
Ray says of ibis synonym is all important, for he had liimself observed the 
plant “ in agro Salernilano et Romano, inqne Etruria et Gallia Narbonensi.’' 
The first thre(» r(»gions ar(* precisely those districts of Italy where itallcum^ 
alfimmum is extremely plentiful, but where pyrenaicum does not exist. 
The former is most abundant in the Homan Gam})agna. The traveller can 
easily recognise it from the window of his railway-carriage all the way from 
Bologna to far bejond Naplc^-. If he travels on to Taranto it will accom[)any 
him from Salerno a(*ross the watershed of Fotenxa and far down the valley 
of the Basiento. But he will never see it in the plains of Apulia, where it is 
replaced by pi/re)taicut)t^ Hay’s next ^pecies, called by him “ Kchlum majm et 
asiterlus Jtore pmyvreo both ifalicinn find pyrenaivum 

being found, the latter niore commonly, in the Montpellier district. 

(2) Dodoens's account of his Kehii altera species^ is far from clear; but 
as his figur(‘ is a nuu-e rcj)roductien of that of Lobel’s Jjj/vopsis altera anyiiva^ 
which first appeared in Stirp. Hisl. p. 312 (1576) and is lepcated in his Ic. 
iStirp. p. 579, it really coincide** with the next synonym (e), and is referable 
to pyrenaicuni, 

(3) The Lycopsis of U. Bauhin is, as 1 have explained fully in my paper 
on the J^Jcliia of Miller’s ‘(Tarden(M•^s Dictionary,’ a muddle of K. plantayiiieinn 
wdth A’, pyrenaieum as rej)resented by the above-mentioned figure of Lobel. 
Linnaeus was obviously unaware Unit plantayineam was mixed up in this syno¬ 
nym when lie subs(*(juently (juoted Lycopsis for his italicinn pyrenaieum. 

Kchinm halicam as a name starts in Up. PI. p. 139 (1753), with the 
diagnosis of Ilort. Ups. repeated and only one synonym, J^J. viajns et at^perins^ 
Cam. epit. 728, which of course is the same as the identical Bauhin phrase, 
but a /8 makes its appearance, without any diagnosis or comment, to receive 
the Lycopsis synonym. Then in the second edition, p. 200, a new diagnosis is 
substituted, E, caide erecto piloso^ spicis /fn^sntis, corollis snbaqualibys, staminL 
has lonyissimis^ the synonyms being his own diagnosis of Hort, Ups. and those 
of C. Bauhin and C^umei’ariiis, with Lycopsis again referred to var. of 
which now we obtain some account, to which I will return when speaking of 
E. j)yrenaicnm. Linnaeus’s later works give us no further information about 
his typical italicum, though they bring fresh matter for var. y9 pyrenaieum f. 

Unquestionably the plant that, according to the usual and legitimate 
practice, must bear the Linnean specific name is the first form described, 
especially seeing that a different name for var. appears in the Mantissa and 
in the herbarium for the specimen corresponding to that variety. The only 
specimen in the herbarium marked italicum by Linnaeus is precisely the 

* P. 620 in ©d, of 1588, but p. 631 in that of 1616. 

t The reference to Hudson’s FI. Angl. in Sp. PI. ed. 2, p. 1678, mentioned below, only 
adds confusion, not information. 
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Echium 'tmjus et asperius fiore albo so common in Italy. Its identity with the 
E, aHissimum of Jacqnin is proved by comparison with an authentic specimen 
of the latter in the British Museum *‘horb. Jacq.” and by numerous modern 
exsiocata, of wdiich I have selected those in my list A as being absolutely 
identical with the Linnean specimen. 

The Linnean specimen of italicum is an upper part only, without root or 
lower leaves; the narrow inflorescence measures about 30 by 5 em.; it is in 
flower, so the cincinni are not} ct fully unfurled, f iorollas and filaments now 
show a dirty cream-colour. In similar specimens the fully developed radical 
leaves are very long and narrow, 30 by 3 cm., even 30 by 2 cm. ; th(‘ inflores¬ 
cence in the flowering state averages 45 by 5-6 cm., (‘ven r(*aching 55 by 
C cm., but broadening after the cincinni are fully unfurled to 45 by 8-12 em. 

JacquinS figure, Austr. tab. 16 (in App.), shows a more than usually 
luxuriant plant. In his admirable description, v. p. 35 (1778), lie remarks 
corolla perpetuo alba ; filameiita alba ; anthera* cum virore flavescunt,^^ 
which agrees with Italian examples. It may be asked how Jacquin came to 
create an E, altissimum if it is identical with LinnsousS iialuum. The reason 
is simply that from Linuasus^s biief diagnosis he couhl not know that the 
species said to live in Italy and England was Id's own Hungarian plant. 
He makes no attempt to distinguish aUisHniunt from ifalicuni^ which he does 
not so much as name. Subsequent authors, especially the French, followed 
by Kerner in Oest. Bot. Zeit. wiii. p 161 (1873), and in FI. Exs. Austr. 
Hung, nos, 3174 and 3175, assuming, without sufficient thought, that daequin^s 
and LinnseusV names must indicate difterent plants, hud to find another to 
play the part of italicum and unfortunately ])itched upon pyrenaicinn as being 
the true italicum^ regardless of Linna3us\ own descriptions and without 
dreaming of consulting his herbarium. 

The following attempt to describe is based on Italian specimens, but it 
must be remembered that in the case of so large a plant, herbarium specimens 
are either incomplete or are undersized individuals, which do not always 
exhibit characteristic habit. 

ECHIUM ITALICUM ; unicaule, sive in exempl. luxuriantibus,pluricaulc 

Caules in typo 40-100 cm. ulti, simplices, non nisi ramulis singulis ex 
axillis praediti (in var. Biehersteinii subrainosi propter ramulos inferiores 
ipsos cincinnis pluribus brevissimis dissitis munitos). 

This character is claimed specially for E, albereanuniy Naud. & Debeaux 
liap., non Besf.), by lloumegu^re in Soc. Agr. Pyr. Or. xxii. p. 163, note, la plante est 
jnultitige, le t^pe, on le sait, est constammeut unitige,”but the writer meant pyramtdale^ 
Lap*, not true itaHcum^ by **le type”; Debeaiix remarku, op cit. xxiii. p. 176, “cette 
esp^e se distingue a pi‘emi&re vuo de VE* pyramidale par ^es tis^es ^l6\des, uotnbreuses des 
la base et non unitiges.’^ Admirable to distinguish it from 2)y)enaicum^pyravnd(de^h}Xi 
the character is common to all forms of true italieuinj and often occurs in strong plants of 
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Ramuli, infimis exceptis, simplices, usque ad 1-2 cm. nudi, ibique robus- 
iioros ill cinciiinos geminos ;equales bifurcantur, debiliores cincinno 
unico torininantur. 

(Jincinni initio brovissimi, valde scorpioidei, defiorati orecti vel erecto- 
pateiites usque ad 8-10 cm. (1.5-20 cm. in var. producuiitur. 

Iiiflorescentia in typo spiciforniis, sub antbesi c. 45 X 5 cm., post anthesin 
c. 4;5 X 8-12 cm. ; in var. Hieheri^teinil conica, j)ropter axern contralem 
ramos inferiores, quamvis elongates, fere duple excedentem. Flores, 
ut in geiKU’fq distichi, subunilaterales, confertissimi, bracteis anguste 
lanceolatis calyccmi (laciniis inclusisj c. 0-7 inm. longum jequantibus. 

Corolla3 parvjv subrcgiilares, c. 12 mm. longw, tube fere recto, extus piloi??c, 
pilis paiicis longioribiis strigosis intermixtis, sordide alba* vel subcje- 
ruleo-albescentes ; filamenti.s coneoloribus. Stamina longissime exserta 
stopius corollam fere duple superantia. 

B^olia radicalia august a, longa vel longissima ; evoluta IK) X 2-11 cm. ; 
cuulina lanceoluta, superiora 4-8 cm. longa, eincinnos floriferos longe 
excedentia 

Indumentum e pilis strigosis, confertissimis ([)r 80 cipue in var siculo)^ 
injjequalibus sed liomomorpliis, in sicco lutescentibus t» 

But the name italicum L., ibougli it must exclude pyrenaicam^ will cover 
the broader conical form which occurs fre(|uently in the Balkans and in 
Greece, and in Southern France seems to be more usually met with than 
altissimviHs I’rom which, however, it certainly cannot be specifically separated, 
having tlie same system of ramification with the very predominant central 
axis, and the tendency, even in a greater degree, to produce subsidiary stems 
from the base. It also has the long, narrow, hairy, hardly tubcrcuhite root- 
leaves, the small pale yellowish or bluish-white corollas, showing cream- 
colour like the pale filaments iu sicco^ and the yellowish iiidumentuin. The 
outline of the inflorescence is conical rather than pyramidal, the height being 
at least double that of the base ; it measures about 40 cm, by 20-25 cm., 
and shows a similar ratio in smaller examples. This outline is due to a larger 
number of the lower axillary branches being prolonged, and themselves 
bearing rather widely spaced short branchlets, (‘.ach consisting of single or 
twin cincinni. I am unable to discover any other difference from altissivium, 
and as it does not seem really to be a geograpical race, altiswnum also being 
found in the Balkan region, it is almost going too far to give it a name as a 
variety. However, for greater clearness I shall call it var. Bieberdeinii = 

♦ So Mqanch, Siippl, p. 149 (1802), says of bis limanfolium^iMicmn, L,, ^'caule erecto 
simplioi, spicis foliis brevioribus.” 

t E, luteuviy Lap., Abr. Pyr. p. 91, is said by the author to be covered with pungent 
liairs, long and yellow, as well as the flowers; but there is not a word to suggest that the 
corollas tliemselves are yellow, except the erroneous reference of the name to Desfontainea, 
who has no E, hdeum. Of course, his E, fiavum was intended, which, however, is an 
altogether different species. 
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EcUum asperrimu))}, MB. (non Lam.) FI. Taur. (/auc. i. p. 135 (1808), where 
the diagnosis, quoted from the author’s Tabl. Casp. (1798), runs E. strigo- 
sum ramosum, spicis axillaribus conjugatis panioulati**.” In vol. iii. p. 131 
(1819)-» he adds “corolla constanter apud nos leucophsea, extus levifcur 
pubescens, pilis longioribus perpaueis. Pro E, italico L. hoc demum habeo.” 

This form of italicum has unfortunately been confused by many French 
botanists * with the specifically diflferent JiJ, pyrenaimm s= E. j)yramidale^ 

^ In judging the French specimens that J refer to one form or another of E, italmmi to 
belong to the same species as those from central Italy, in spite of some discrepancy in the 
alleged colour of the corollas, in i educing E. alhereantnn to a mere form of E, italicum^ and 
in identifying the huge E. pyrenaicum of Apulia with the pyvenaicum^pyramidale of the 
vicinity of Toulouse, I have had to rely entirely on herbarium specimens of the French 
plants, as it hns not been possible in wai^-time to study them in their nativ e haunts. It is, 
of course, possible that as intimate an acquaiiitaince with living French examples, as I have 
with Italian, might modify some of my opinions. 

Lapeyrouse, Abr. Pyr. pp. 89-91 (1813), mentions three species of the italicum group 
for the Pyrenean region: E. iialieum^ E, pymmidale^ and E. luteum. For italkum he quotes 
the old diagnosis, mentiouiug that the plant grows by roadsides etc., and observes iiges 
droites, fiancees, rameaux courts egaux,’* which agrees well with the Ijinnean italicum ; but 
it is difficult to understand how he can say ffeurs distantes, secondes solitaires of any 
member of this group. Eymmidcdt is speudidly described, quite in accord with Linnmus’s 
account of pyrenaicum. It is “ rare aux Pyrenees .... a loison le long des chemins pres 
Toulouse.” Its rarily in the Pyrenees may account for its misinterpretation bj some authors. 
The diagnosis of luteum, being that of the totally different Jlavum, Desf., is useless, and it is 
only from the habitat and the observation that the specii's can be identified, practically with 
certainty, with E. albereanunif Naud. & Debeaux. 

Bonnet, whose views have been rather uncritically adopted by Kou^ in FI. Fr. x., 
synonymises in Bull. Hoc. Bot, Fr. xxv. p, 209 (1878), E. luteum as well as E, pyramidale 
with E. jtyrenaicumy L. Mant., quoting the exsicc. Bourgeaa, Frdjus, no. 285, and Billot, 
no. 2325. But both these are italicum (see my list B. nos 4 & 5), not pyrenaicum. Then 
for italicum he quotes lleiehb. no. 995, Jamiu PI. Alger, no. 184, and Billot 23-^5 bis et ter. 
Now Keichb no. 095 is true ttef/cww, but the other three are unquestionably ! I! 

(see my lists A and C), No wonder then that Bonnet’s descriptions are unintelligible and 
contradictory. 

Then Timbal-Lagrav e in Hoc. Agr. Pyr. Or. xxiii. p. 175 (1878), whilst insisting that 
pyrenaicum and italicum are different species, misiuterpi'ets both, for his italicum is really 
pyrenaicunif and his pyrenaicum or pyramidale is not Lapeyrouse’s plant but obviously 
aWereanunif a variety of true italicum. Thus and thus only can be explained his remark 

E, luleum n’est qu’une forme de la m^me plante ” (sc. pyrenaicum). 

This inversion or transposition of the names prevails in Oosson's determinations, and was 
subsequently adopted (Windly) by Kerner. It frequently occurs in French exsiccata. 
I have examined 41 French examples of so-called italicum and pyrenaicum in herb. Mus. 
Paris. Of 26 labelled italicum only 11 belong to that species, the remaining 16 are 
^^renaicum. But of the 15 labelled pyrenaicum only 8 ai'e rightly so named, the other 
7 being forma of italicum. 

Such confusion has produced its natural result in the amalgamation of the two species by 
Grenier k Godrou, by Costs, and even by de Coincy, whose views on Biu*opean species ai’e 
not eo in&Hible as on Algerian. The amalgamation is a mere counsel of despair, due, 
1 thinks to confining attention to differences of outline and ramification, and disregsrding 
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Lap., especially bv Do (iindollo in Prodr. x. p. 23 where the two are 
confounded under the name of E, pyramidatiun^ so as to make that name, 
apparently so suitable, useless to in(li(3ate the form spoken of here, not to 
mention the risk of confusion between two such similar words as pi/ramidaUnu 
and pyramldale. 

J. Bauhin's figure of K, alba ftore majtfs, already referred to, seems to 
represent this variety, to which the specimens in my list B are referable. 

The form of ifalinun called Echinm hdeum by Lapeyrouse, with an 
inadequate diagno'-is, and rediscovered in 1874 by M. Naiidin in the range 
of the Albcres above Oollioure, and by him xwxxwA E, alhereanum^ requires 
some notice, especially as it has been regarded by llouy as closely allied to 
E, pf/renaivuni^ with which it has no resemblance or relationship. It is 
described by l)(djeaux and Naudin in Soc. Agr. Pyr. Or. xxiii. p. 175 (1878), 
from examples cultivated by Naudin, as dressee-hcrissee, trcs rameuse dans 
sa moitie supcrienre, de ])lus de 1 metre de hauteur, et pluricaule des la 
base .... les fl{3urs .... formant par leur ensemble une vaste paniciile lache, 
diftuse et trbs ramififn^." But the specimens I have seen loro rlassiro at 
Sorede, collected by L. Oonill, of which the individuals with a broad j)anicle 
were distributed as iialictfm var. jfpramidale (though utterly unlike jfi/ramidale, 
Lap.), and those with a narrow inflorescence as italiciun var. albereamnn^ 
cannot Imj separated from E» italicxan. Both the narrower and the broader 
forms are intermediate between ilalimm altissimwn and var. Biebersteind as 
far as ramification is concerned, nor can 1 see any other distinctive character 
in sirro. There is some conflict of evidence as to the colour of the corollas, 
which are stated to be bluish white or slightly pinkish by Roumeguere in Soc. 
Agr. Pyr. Or. xxii. p. 103 note, but yellowish white, with an occasional 
pinkish blush, l)ut not pale blue, by Naudin, /, r. 

A much more remarkable form—var. siculum, inihi = E. italicum, auett. 
sic.—replaces ty])ical italicnm in Sicily. Where I have collected it in the 
stony fields of the province of Syracuse, it is a relatively low-growing but 
broad plant, with a forest of branches, spreading horizontally, when fully 
developed, in every direction ; but their arrangement is not pyramidal as 
in pyrenaicumy the low^er ones not markedly exceeding the middle ones. The 
arrangement of the cinciimi, the dull white corollas and filaments, and the 
size of the flowers are those of itaUcum not of pyrenaicum, from which it is 
also distinguished by the very yellow (in sievo) indumentum. This is extra¬ 
ordinarily copious ; on the stem it is long, patent and rigid, and so close as 
completely to conceal the surface, 

Todaro's well-known exsiccata do not show the peculiar habit, as they are 

* The treatment of the genus Eehium is one of the weakest parts of the ‘ l^rodrmuus.’ 
The Borrageae were not completed by Aug. Pyr. de Candolle before his death, n<ir written 
de novo by his son. It is to be remembered that neither father nor son saw the Linnean 
specimens or even the plants of the * Flora Gmeca.’ 
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only scraps of plants, gathered in a very early stage, but they have the 
thick yellow coat of bristles. My list () contains the only herbarium 
specimens that I have yet met with of var. sieuhim. 

I have not vseen sufficient material from Asia Minor and beyond to attempt 
tO'determine or discuss the Orientiil forms. Those that I have seen are 
referable to italicnm senau lato, not to pyrettaicnm. 

To conclude; Kchium italicunu L., regarded as specifically distinct from 
E. pyremicum (L.), Desf., presents at least three or four marked forms in 
Europe :— 

1. fypicum =» E, altmimum^ Jacq. = E. Unearifolium^ Moench, Suppl. 

p. 149 (1802). See specimen list A. 

2, var. luteum (Lap. pro specie) = alhereamtm^ Deb. & Naud. See 

specimen lisls A and B. 

II. var. hieherstehdU E. asperrinntni^ M.B., non Lam.ss y>ym- 

midatinn^ D(^. pro parte. See specimen list B. 

4 var. mihi= A’, Gn«»s., Lojac, et auct. ^ic. omn. See 

specimen list V. 

To come to E. pyrenalcuw ; this species first appeals in Sp. PI. ed. 1 as 
vhr. y9 of italicum to correspond to the Lycopsis of C. Baulnn. Then in ed. 2, 
after Lycopsis has again been quoted, there is added, “ corollis minoribus, 
extus prsesertim superne pilosis, et inagis regulavibus ab A’, italico differre 
videtur, nisi bsec omnia e loco.’’ This is no help to the identification of var. 

for in pyrenaicum the corollas have inde<‘d more and longer hairs than 
in italieum, but they are neither smaller nor more regular. Tn the Appendix, 
p. 1678, Linnseus refers to Hudson’s FI. AngL, which had appeared in the 

♦ I fear that it must be called Desf. FI. Atl i. p. KVt (1797 “1798), as tlie 

rules will hardly allow us to pyrenoictimy L. Maut (1771), in spite of the occurrence of 
the name in the ^ Mantissa ’ and the use of it as specific by Linnssus in his unpublished MS. 
and herbarium, and of its quotation by Willdenow, Sp. PI. i. p. 786 (1798). These dates 
ai'e correct, notwithstanding those that appear on the titlepage of Willdenow’s first 
volume, and in some copies of the * Flora Antlantica.’ For evidence of the true date of 
FI. Atl. i., see the note to E* auatrale in my paper on “ Fne Cntical Species of Echuoft,"' 
supra, p. 868. 

Unfortunately, a date so late as 1797-1798 admits of the doubt whether this species ought 
not rather to be called E, aspen itmnn, Lam. Ill i. p. 412 (1701). I think T\e shall be 
justified in rejecting Lamarck's name as ambiguous, though its claims are arguable. 
Poiret, Diet, hlnc^'c. viii. p. 608 (1808), who should have known what Lamarck meant, uses 
the name for the compound of italicum mdi pyrenaicum, quoting as synonymous italicum, lu, 
altissimum, Jacq., exidipyremicum, L. Mant. Rouy also, FI. Fr. x. p. 804, seems to consider 
it ambiguous, for he does not adopt it, but quotes it pio parte for both italicum and 
jiyrenaicum. In Lam. hi. Fr. ii. p. 451 (1778), we find tfaheum and pyremicum both under 
E. italicum ; the former as italicum, L .majus et aspernts Jl, alho, Toum., and the latter 
ns var. fissjs, majus et asperiusfi. dilute purpureo, Tourn. But in Ill. I, c, Lamarck only 
says of asperrimum E, caule ramofeo, pilolssimo; corollis calyce longioribus j staminibus 
exsertis. Ex Europa australi. E, italicum, L. ? ” The synonym italicum is queried, and 
there is no allusion to his own previous use of that name. The diagnosis would cover 
various other species besides italicum and pyrenaicuvu So far, therefore, aspemmum seems 
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same year (1762), ))ut ilie rofereiice throws no li^hi on either italivum or 
for Hiiflsoii hud altogether misinterpreted Halimm and it^ \ar. 
/8neither of which grow in England or »Jerse>. But in Linnanis's o>a n 
interleaved copy of the 2nd cd. of Sp. Tl., now in the pos'^ession of the Linnean 
Society, he lias written opposite K.ttitUntm the following note : pyrenairum 
Krh, maju,s et asj>onus fiore dihde p^trpureo T, 11)5. Totuni valde hispidum 
ut fere iirens; corolla calyce latior {sic ; ob\iously a slip of the pen), suhin- 
carnatii, Filamenta corolla longiora saturate ruhra. Anth. caerulea^. Sna. 
Isevia, apice subirigona, (juasi dente iniermeilio s. interiore jiroductiori. 
Lycoiisis nionspeliaca tlore dilute pnrpureo Moris, bla's. Magn. monsp/’ 
This is obviously a descTiption from life of the plant grown in Hoit. Ups., of 
which a specimen laladled pyrcndicnm " is in the herbarium. The under¬ 
lining of the Bauh. Pin. 255 in this cojiy indicates that at the time he had a 
specimen in the herbarium. There cannot be a shadow^ of doubt that the 
description lefers piecisch to the plant called pyrenau um b} Desfontaine^ also 
and pyramiihilc by Lap(\vrouse, Abr. Uyr. p. 90 (1815). I have examined 
Toiirnefort's own specimen of /t. mujus et usjfccius fi, dilute jnirpureo (no, 586 
in his lierb.) mid found it identical with that of Linniens's pyreuaicum and 
with authentic Lapeyrouso specimens of pyramidale at Kew and Mus. Brit. 

It is to be iioted that in this MS. entry, Liniiams uses the name pyreuaicum 
as that ol a species, and nut as var. ^ of italiciini. He does the same on 
the sheet in the herbarium. It is impossible to gue'^s why in the published 
description in the “ Mantissa * of 1771, p. 3il4, he should ha\e headed it ^ and 
not with the name /tyrcuuicuni^ though the language there used seems to 
indicate that lie still regarded it as specifically different from ttaheum. 

The '* Mantissa ’ vaiies ver} slightly from that MS. entry. After (juoting as 
synonyms for var. yS those of Tournefort and Morison there follow the words 
KelliuiH pyrenaicuni vulyo^"^ and then Simillimum K, kaVHO^ his})idum et 
lero urens, stimulis albis. Uor. calyce non latior, subincarnata (nec alba), 
infundibulilorinis, fere regulaiis, calyce duplo longior, extus pubescens palli- 
diorque. Filam. duplo longiora, saturate rubra. Anth. cferulea?. Sem, 
he\i.i, apiee trigonn, quasi denticulo intermedio s. interiore [iroductiore." 

A most admirable description, agreeing perfectly wnth that given bv 

to be ft 7iome)i ihibium to be rejected. On the other hand, Liimaiek's immediately following 
species, E. elmigatwn (which puzzled Poiret), is defined K. cnule erecto piloso, longis^ime 
spicato; corollis \ix calycem supeiantibus, staininibus exsertis. FI. albi, parvi, sessiles.” 
It this diagnosis be compared with that of anpernminn it will be noticed that it contains 
three characters by which itatwiwi (alftmmum) differs liom pyrenmeum^ viz.: the erect stem 
and \ery long spike, the smnller corollas, and their white colour. Now Lamarcks 
herbarium contains tw^o specimens bearing on the question. One, labelled E, ehnyatum^ 
Lam., an E, mapts asperius Jl. albo ? ” is E, itaUcum The other, labelled E italieiuu 
E. aspeiTmtifrif Lam. 111.,” is pyreuaicuin. Considering the way in which Poiiet and Pouy 
have treated aspetTimumf I hardly think these labels are cogent enough to force us to 
abandon the appropriate, admirably described, old name of E. pyrenatcum, 

* See iny Echia of Millers ‘OardeneT*s JHctionary,* p. 4fi5. 
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Xiapeyrouse of his pyramidale. The herbarium specimen, taken from a plant 
grovFn in Hort. Ups,, consists of one leaf only and two flowering branches 
without the main stem, but is quite unmistakable. A list D of characteristic 
specimens of A" pf/renaicum will be found below. The following description 
is founded on French exsiccata from Toulouse, but the Apulian plant seems 
to be larger, with more stiffly horizontal branches; this, however, may be due 
to the impossibility of exhibiting full-sized French plants in herbarium sheets. 
What I must emphasise is that in Italy pyreuaintm and italicum are totally 
different, and inhabit separate areas, as was long ago pointed out by Tenure 
and Qussone (cf. Ten. FI, Nap. v. p. 330, and Gruss. et Ten. in Att. Ac. Nap, 
V. p. 431, 1843). 

It is notorious that pyrmaienm alone is found in Algeria ; it predominates 
in Spain, where italicum apparently 2>nly just crosses the border into Catalonia. 
In fact, it is in southern France alone that the two species are often found in 
proximity, and it is precisely there that puzzling forms occasionally occur— 
whether as hybrids I cannot say. 

The Balearic Islands furnish a form with extra hard bristles, but not 
otherwise dislinguishable. This is K, italicum^ var. halearicum^ Porta & Rigo 
in N. Giorn. Bot. It. xix. p. 318 (1887), but it mu^t be referred as a variety 
to pyrenaicum and not to kahntm. 

ECHIUH PTBENIACUM ; (planta Tolosana) semper unicaule, caulibus 
secundariis nullis, aut rarissime pnesentibus. 

Caules c. 50-60 cm, alti., ramosi, rainis inferioribus patentibus, (a) in 
planta luxuriaiite usque ad 45 cm. longis, ramulos floriferos 15-20 
gerentibus; ipsis rainulis aut siraplicibus fere a basi floriferis, aut apice 
in cincinnos geminos Asms ; (/;) in planta debiliore non ultra 30 cm, 
longis, basi usque ad 10 cm. foliifeiis non floriferis, superne cincinnos 
abbreviatos siraplices, raro geminos, gerentibus ; ramis vero superioribus, 
simplicibus, ad cincinnum unicum elongatum reductis. 

(Jiucinni virginei parum scorpioidei (multo minus quam in E, italiro)^ in 
ramis inferioribus laterales pauciflori, quasi ad floriiin glomerulos post 
unthesin parum elongutos reducti; in ramis vero superioribus simplicibus 
lO-20-flori, ideoque post anthesin usque ad 10-15 cm. elongati, siiberecti. 

Inflorescentia pyramidalis, latitudinein plantis evolutis altitudinem 80quaute 
vel etiam superante ; ramis aut horizontalibus, aut (quia inter plantAs 
circumstantes constrictis ?) adscendentibus, ita ut plures altitudinem 
axis centralis attingant'^. 

* I suppose this is the character meant by the phrase rameaux atteignant pn^sque tons 
la meme hauteur, ce qui donne k la plante Taspecte conique,” which Bonnet uses of his 
itahcumf hj which, as explained in a previous note, he intends pyrenaicum. But the same 
words are used by Bouy, who does not seem to have noticed that Bonnet transposes the 
two names, of his own itahcnm which is not pyrenatctm, 1 am afraid this taAes away 
nearly all the value of Bouy’s account of these species. And, indeed, the phrase indicates 
an arrang«nent of branches which would not produce a cone, hut an inverted cone, 
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Flores in oincinnis siciit in congoneribus dispositi, in ramis inferiorilnis 
raagis, in siiperioribns minus conferti ; bracteis lanoeolatis, basi latio- 
ribus quara in K. italico^ calycem (laciniis incliisis) usque ad 10 nun. 
longum parum superantibus. 

Corollse parvae, tubo leviter genicnlato tube ooudo,” Lap.), minus qunm 
in E, italico regulares, et paululum quam in eo longiores (15-18 mni.) 
extus pilosissiinse, pilis albis strigosis longioribus quam in E, italico^ 
carnooe *, filanientis piilchorrime rubris (etiain in sicco fusco-rubris), 
antheris cteruleis. Stamina exserta, sed multo minus qiiam in E, italico. 

Folia radioalia angustissime elliptica potius quam lanceolata (20 X 4 cm., 
15 X 3*5 cm., 10x2 cm.), ideoque forma ab illis E. italici nonnihil diversa. 

Tndumontum asperrimum, tactu urens, minus quam in E. italico oonlertmxi^ 
e pilis albis non lutescontibus (ideoque tota herba otiam in sicco griseal, 
valde inaiqualibus, noniiiillis apice stollatis. 

As exsiocata only consisting of branches torn off, or, if entire, of 
exceptionally small inviduals, do not give an adequate idea of the normal 
habit of this very large species, I add a note made on the spot from four 
Apulian specimens gathered in late autumn, in seed, by the roadside near 
Taranto, where the species is very abundant. The two larger are one metre 
high and 70 cm. broad ; the two smaller measure G5 by 55 cm. The larger 
plants have from 20 to 30 branches, spreading in every direction, erecto- 
patent in the larger, horizontal in the smaller specimens, the lowest branches 
being as much as 50cm. long. Each of the longer branches bears JO to 20 
scattered branchlets, pointing in every direction. Of these branchlots the 
lower are again branched into 5 to 10 subunilateral cincinni, with their 
distichous flowers on the upper surface, but the upper branchlets consist of 
single cincinni. These cincinni are nearly all simple, only occasionally 
bifid. Even the most developed only bear about 10 flowers, forming at first 
tight glomerules, but lengthening later to about 10 cm. The fruiting 
calyces overlap each other, each covering about half the calyx next above. 
Bracts and calyx-segments are lanceolate and very hispid. The fruiting 
calyx is not enlarged nor concrete at the base. The plant is everywliere 
hispid with white, spreading, stinging setae that give the whole a pale grey 
appearance in autumn. 

The root-leaves of the young plants first appear in November. Their 
surface is dark green and almost hairless in the intervals between the 
incipient tubercles, which show as lighter green pustules bearing hardly 
any hairs. When radical leaves are present in herbarium specimens they 
are obviously broader and shorter than in italicum^ more tuberculate and less 

e I am not sure that albinos of pyrenaicum may not occur occasionally, just as they do in 
JB. vulyate and JS. plantayineum. This, or hybridity, may account for the very few 
examples I have seen—all from France, where both species are found—that are not at a 
glance referable to italioum or to pyrenaicum. 

linn* JOtJRN,— botany, VOL, XLIV, 2 M 
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But the characters, by which incomplete specimens are most easily 
recoj^nised in herbaria, are the grey not yellow indumentum, the shorter 
hairier corollas with less remarkably protuding stamens, and tlie dark 
filaments. The difference in shape of the oorolla-tube is not easy to see 
in sura. 


List A. 

Echium italicum, L.ss K. altishimum^ Jacq. 

j. ex Herb. Jacq. in Mus. Brit, probably cult, (a^ altiswnum)* 

2. FI. Austr. Hung., no, 3714, Promontor, Hungary (as altissimuniy but 

identical with no. 12 below). 

3. Richter, FI, Hung., Ofen : also in Baeuitz as from Buda-Pest 

(as italicum). 

4. Schultz, Herb. Norm. 2868, Wolfsthal prope Budain (as nlfhnnnnu). 

5. Heuffel in Herb. Guy, from the Baiiat (as ifalicttm), 

6. Wierzbicki, from Oravie/a in the Banat (as liaVnnm). 

7. Sagorski, FI. Herceg., form Mostar (as altnsimum). 

8. Sintenis, 1873, no 302, Babadagh in the Dobrudja (as italicum). 

9. Pichler, 6, vi. 1885, fiom Spalato (as ifalunm). 

10. Huter, 24, v. 1867, from Ragiisa (as itahcum), 

10 bn Heichonbaoh, FI. Germ, exsicc. no. 995, from Fiume (as itabcnm). 

11. J. S. Mill, Rimini on the road to Ra\enna (as altmimum^iialiium 

Lehm., non Linn.). 

12. FI. Austr. Hung. no. 3715, from Verona (as lialnum^ but identical with 

no. 2 above). 

13. FI. Ital. Exs. no. 940, fiom Florence (as ifahcum), 

14. Webb in hb. Rouy, Roma extra portain Salaram (as italicum), 

15. Arcangeli in hb. Florent., from Ktilo in (^ilabiia (as italicum). 

16. Reverohon, PI. Sard. 1882, no. 245, fiom Tempio in Sardinia (as 

italicum), 

17 . - PI. Cors. 1878, no. 49, from Bastelicd in (^oisica fas 

italicum). 

18. Kralik, PI. Oors. no. 699, from Zica\o in (^orsica (as italicum ; this 

no. is quoted in Rouy, V 1. Fr.). 

19. ex hb. Grenier in Mas. Paris, from Hyeres (as italicum), 

20. Thuret, 1868, no. 61, from Antibes (as italicinn), 

21. Loret, 1, vi, 1851, from Le Luc (Vai) (as italicum), 

22. Nandin in Mus. Par., from Collioure wdtli the obs. fleurs trfes petites 

blanc-bleuatre**, trfes different de italicum qui abonde i 

Collioure,’' is typical italicum showing that his conception of 
italicum was not that of Linmeus. This plant became var, 
albereanum^ Naud, 
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23. Herb. Conill. in hb. Bailey, from Soretle in Pyr. Or. (as italinnii var. 

alhereanum), 

24. Sennen, PI. Es>p. no. 572, from Cabaiuis, in Catalonia (as K, pomponiinn, 

var. Patti, Sen. ; it is not a form of pomponium). 

List B. 

Echium italic um, L., var. BiEnKUSTEiNii, mihi. 

1. Unio itin., in fossi^ c. urbem Perpignan (as luteam, Lap,). 

2. ex hb. Conill in hb. Bailey, Soredo l^yr. Or. (us italicvm var. 

pyrnniidale). 

3. Soc*. (^enoniane, IDOL no. 554, from Sorbde, identical with no. 2 (as 

italicum var. pt/ramidali\ corrected by Sudre in his herb, to luteum), 

4. Boiirgeaii, Env. de Frejiis no. 285, from the Esterel (as pyrenaiatm, 

(let. (Ws. This is quoted for pyrenaiaun by Hoiiy in El. Fr. x. 
p. 305, but is not that species). 

5. Billot, no. 2325, from the Monte Pisano in Tuscany (as iiallnini, but 

quoted by Kouy for pyrenaicum^ perhaps from a confusion with 
Billot, 2325 bu and ter^, 

G. Frivaldsky in hb. Hooker, from Hnmelia (as aq)errimum^ M. Bieb.). 

7. -in Mils. Brit., from (krlova (as asperrimum, M. Bieb.). 

8. Strihrny, vi. 1894, from Badovo in Bulgaria (as italicum). 

9. Adaniovic, PI. Balcan. vi. no. 190, from Voden in Macedonia (as 

Ualicttni), 

10. Tardent in hb. Gay, from Bessarabia (as asperrimumy M. Bieb.). 

11. Richter in hb. Kew, from Odessa (as asperrimnm, M. Bieb.). 

12. C^ount Puschkin, 1783-1803 in hb. Kew, from C\iucasia (as asperrinmut, 

MB.). 

13. Aucher Eloy, hb. (rOrient no. 2397, from Greece (as jtyrenainim). 

14. Zuccarini in hb. Kew, from Nauplia in Greece (as /s’. pyrenairnitK L. 

= /s’, asperrimttm, M. Bieb.). 

15. Sieber in hb. Kew, from Canea in Crete (as italicuw), 

IG. Reverchon, 188t5, sine numero, from Canea (as italicum). 


List C. 

Echium italicum, L., var. sioulum, mihi. 

1. Todaro, FI. Sic. no. 1227, from Sclafani (as italicum), 

2. hb. Lacaita, from Bagusa prov. Siracusa (as italicum var. siculum). 

3. hb, Florent. contains similar Sicilian specimens from Palermo, Oastel- 

baono and Girgenti, but I have not examined them carefully. 
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List D. 

Eohium PYRENAICTTM, L. 

1. ex hb.Vaillantin Mus. Paris (as K.majus et asperius /f. dilute purpurea 

2. ex hb. Pourret in Mns. Paris from Narbonne (as italicum). 

3. Lapeyroiise in hb. Gay, sine loco (as pyramidale). Other authenti 

specimens from Lapeyrouse are at Mus. Brit, and in hb. Smith. 

4. Bontham in hb, Kew, from Villefrance pr6s Toulouse (as pyramidale) 

5. - from Restinclieres (sls pyrenaicum), 

f). hb Loret in Mus. Par., from Toulouse (as pyrenaicum), 

7. -from Viviers (as tfalieum). 

8 Billot, no. 2325 from Carcassonne (as italicnm^ L , non Lehm,). 

9. -- ter^ from Fouras in Charente Inferieure (as the last). 

10. Magnier, FI. Select. 1250 falaises de Bidart, Basses Pyr. (as 

itahcum), 

11. Reverchon & Derbez, PI. Fr. no. 249, from Bollbne pyrenaicum), 

12. J. S. Mill in hb. Kew, from La Dochelle (as pyiamidatum), 

13. Bourgeau, PI. Hisp. 1852, sine numero, from Fuente de la Higuera, 

Spain (as itahcum det. Cosson), 

14. Oandoger, FI Hisp. Exs. no. 258, Renteiia in Guipuzcoa (as 

pyrenatcum). 

15 ex hb. Fernandez in hb. Rouy, Guadalajara, Spain. 

It5. hb. Rouy, from Sierra de Maimon abore Velez Rubio (as liaUcum 
altered to pyramidale). 

17. Bourgeau, Esp. 1850, from Fuensanta by Muieia (as itahcum), 

18. FI. Ital. Exs. no. 2129, from Spinazzola, Piov. Baii (as italuum vai. 

jiyramidatum), 

19. Martelli in hb. Florent., from Manfredonia. 

20. Groves in hb. Florent., from Otranto. 

21. -from Gallipoli. 

22. Rabenhorst in hb. Kew, from Gargano (as E. gadttanum, Boiss., 

which is ridiculous). 

23. Heveichon, PI. Alger. 1897, no. 243, trom M. Babors (as italuum \ar, 

pyramidale). 

All Algerian specimens called itahcum are pyrenaicum, 

E. PYKENAicuM var. BALEARiCUMf, mihi. 

24. Porta k Bigo, 21. viii. 1885, from Majorca (as italicum balearicum), 

(HI.) ECHIUM LUSITAiriCUJI, Sp. PI. p. 140 (1753). Of this species 
Linnseus says little and adds no more in his later works. It is defined 
corollis damine longioribus, and two synonynjs are quoted, one from Rojen, 
the other from Tournefort, but the latter with a note of interrogation. The 
habitat in Europa australi is too indefinite to give any clue ; the definition 
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is not really applicable to any European species except E. parvijiorum^ 
Moencb, E. arenarium, Guss., and the small-flowered form o£ E, vulcfure 
known as E, Wierzhklcii, These are all out of the question and have never 
been suggested as -the species intended by Linnanis ; we are therefore 
dependent on the synonyms, and on the specimen that exists in the herbarium, 
to ascertain what Linnaeus meant. 

Both synonyms and specimen belong to the very remarkable perennial 
Ecliimn from Portugal and north-western Spain that has been named by 
E» Eroteri, because it is the Echium italicum of Brotero, non Linn., 
= A\ italicum var. Ludianicum^ Hotfing. et Link, I have flowered at Selham 
in Sussex in 1918 several plants of this Echium from seed sent by Prof. 
Coutinho of Lisbon. Tn good soil from ten to twenty ascending flowering 
stems issue from beneath the great central rosette of leaves, which remains 
flat on the ground. The inflorescence of each of these lateral stems, when 
normally developed is not unlike tliat of E, vnlf^are, but if the growth of their 
axis has been checked from any cause the upj)er cincinni when fully unfurled 
in fruit appear almost corymbose, as is the ease in the Linnean sj)ecimen. 

Brotero’s description of his E, italicum in FI. Liis, i, p. 290 (1804), is very 
full. Link in Hofthig. & Link, FI. Port. i. p. 185 (1809), calls it ‘‘ accurata.’' 
Other characterisations may be read in (^outinho, as Boraginaceas do 
Portugal in Bol. Soc Broter, xxi. p. 113 (1905), in the same auth()r^s FI. 
Port. p. 499 (1913), and in Merino, FI. de Oalicia, ii. p. 155 (190()). 
Coutinho gives cliaracters to distinguish the species from tlicj nearly allied 
E, sahnanticum^ Lag.= E, poli/caulon, Boiss. Brotero says: ‘‘ (Jaules (juinque 
ad duodecim ex eadem radice, sub rosula foliorum radicalim, primum obli(|ui, 
dein iucurvati, ereciiusculi, bipedales et ultra .... folia radicnlia in orbem 
prostrata, pedalia et longiora, ad medium biuncialia aut latiora, lanceolata .... 
spicic ad quinquaginta et ultra, spiralitor recurva), fere ex iino eaule usque 
ad cjus apicem.’^ The habit of E, salmaniicum is thus described by J. Gay 
in a MS. note on ])lants grown in the Jardin des Plantes : ’'"caulibus ex una 
radice pluribus, rosuljc centrali subjectis .... 11 forme une (biorine toulfede 
2-3 pieds haut.” This character in E. sahnanticnm led Gay to suppose that 
it was the ydant intended by Brotero, and in his MS. notes he proposed the 
name E. Broterianum for it, a misnomer tortunately not published. Gay also 
knew the true E, Broteri^ which he regarded as E. lusitauicam^ and indicated 
the distinctions. The corollao are quite difterent in the two species. 

The habitat known to Brotero was ‘4n sabulosis ad Villa Franca, ad Mun- 
dam prope Conimbricain (Coimbra) et alibi in Beira.” Hoff mg. & Link say 
‘‘contrees elevees du Portugal, entre Caldas de Gerez et Portela do Homem 
en abondance. De mcme dans la Serra d’Estrella, d^oh la riviere du Moudogo 
la transporte dans les sites infeideurs prhs de Coimbra, etc.^’ It was collected 

♦ In herb. Acad, I’olyt. Brot, et in Lusitano, 12 Jan. 1900, ex Coutinho in Bol. 8oc. Brot. 
xxi. p* 113 (19041. 
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itt (lalicia by Pourret in 1802 and has since been fonnd there by Merino in 
three planes in the frontier province of Orense, 

The five modern specimens from Portugal I have been able to inspect 
are:— 

J. Herb. Hort. Bot, (yonimbr. (in Herb. Kew), no. 470. Ooiinbra, 
1878. A very imperfect example. 

2* Herb. Murray (in Mus. Brit.), Caldas de Gerez, leg. R. P. Murray, 
16. vi. 1887. 

3. Herb. Murray (in Mus. Brit.), Gerez, leg. R. P. Murray, vi. 1888. 

4. A specimen kindly sent me by Prof. Coutinho, labelled : “ Echimn 

Broteri^ Samp. In Transtagana montana, circa Marvao }>iope 
Beil am Majo, 1913.’’ This is accompanied by some separate 
fruiting spikes. 

5. A fruiting specimen given me by Prof. Henriquez of Coimbra. 

All the examples in flower have remarkably protruding stamens. It must 
therefore be admitted at once that the character torolli^ btamine loutjionbuB ’* 
is a grave difficulty, and it will be returned to below. 

To come to the synonyms :— 

A. What is amji)?iss/mo /bh’o AasifamVinu, Tourn. ? There is no speci¬ 
men so labelled in Tournefort’s hci barium, but no. 587 without any original 
label is undoubtedly the plant to which he gave that name, and was ticketed 
by J. Gay in 1834 Verosimiliter E\ amphas, folio husiL; ^penmen tninus 
erolutum ^EcIk lusitanintm Linn. Poir. etc.^^ I have examined this specimen; 
it is precisely E, Broieri. Then in Herb. Mus. Paris there is a cover con¬ 
taining two pieces, one in flower, the other in fruit, qh herb. Vaillant, 
labelled by him fc’, ampUss, foL and subsequently b\ Desfoiilaines 

“ Ech, hfsitanieum Linn, ex synon.^' Both pieces are E. Jhoteri. Herb. 
Jussieu contains three specimens that are E. Broteri; two of them under 
no. 6605, of which one from herb. Isnard is labelled E, ampliss, folw lout ,; 
E. lusitanicimi folio vuhitah T.; the other from herb. (Charles '•* E, amplm. 
folio InsitJ^; the third under no. 6606 is labelled “ no. 48 Ecli. umhdatinn 
Pourr. Galilee ” {sc. Galicia) ‘‘eiivoye par M. Pourret 1802.’^ 

Herb. Gay at Kew contains a similar specimen given him by A.de Jussieu. 
As Gay’s note confirms the above determinations of the specimens at Paris it 
is here transcribed :— 

“ E'hiitm luditanicmn L. (ex. herb, ^xkSB.)s= E. tmplissimo folio Lusitanioum 
Tourn. Inst, Herb. Isn. ! Specimen falso nomine inscriptum in herb. 
Juss. verisimiliter cultum. Adr. de Juss. dedit Xbr. 1834. E. amphs-- 
sinio folio Lvsitani(urn Tourn. etiam in herb. Vaill. . . . jE*. undulatim 
Pourr. in herb. Juss. (anno 1802 e Gallecia hispauica a Pourretio 
missum) hue spectare videtur, specimen Aero vnlde imperfectum non 
nisi inferiorem caulis partem sistit. Deest in herb. Linn, [quoting 
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Lohnuinn]. Exst^t in h(‘rb. TournoF, sine nomine et loco. Kaconii in 
specimine Tonrnefort minus (|iuim in meo evoliiti, dimidio breviores.’^ 
Then on anoilier slip Xbre. 1834. Fragment d^in ckdiantillon conserve 
dans I’herbier de Tournetbrt* sans nom ef sans localite, quo je suppose 
appartenir a r/!.\de Jiinne. (ybtte mcme plante se trouve 
dans riierb. de Vaillant ! sous le nom do KcJi. amplisnimo folio Litsif, 
Toiirn. Inst. = tiixfitanom alfissini, f/ore rarmutio H. Ox. 3.440, no. 5. 
La plante de c‘<‘s deux lierbiers a les epis de moitie pins courts qu^il ne 
sont dans Therhier <le M. de Jussieu, inais cela tieiit probablement a 
Fftge des echaiitillons, moins avauces, moins developpes dans l^herbier de 
Tonrnefort et de Vaillant.’^ 

It is thus quit(‘ certain that Tournetbrt^s synonym refers io K, BroUri^ 
Samp. There are several old specimens agreeing vitli B, Broteri at the 
British Museum, which bear out this conclusion and moreover indicate that 
the plant was in cultivation in the 18th century. I will quote :— 

(1) Herb. Slotine, vol. 160, p. 109, among Petiver’s llort. Sicc. Ilispnnia* etc., cnniiii. 

Salvador and labelled “ awplissimo folio Lvsitanimm Tourn.” Thongb 
Salvador lived at Ibvrcelona, it is clear from other Portuguese species bciiI by 
him to Petiver that he collected in Portugal. 

(2) Herb. Sloauo, 'vol. lOH, p. 48, among Petivers PI. Kayniifo, abo labelled 

E. amplmimo, etc. 

(0) Hort. (MiiT. labelled by the first hand Echiton aylvef^tve hirsutnm macnlnlum^ 
(\ B. P., which words have been cancelled (by the same hand P) and replaced 
by oretHon anyustifolium rubmm. The luikiiovvii second hand added (i fticmn. 

This specimen is an instance of the utter untrustworthiness of the names 
written in Herb, llort. (4itf, 

(4) Herb, (tronovii, labelled E. folio amplissimo etc., Touin., then E, coroUi^ i^iionhiv 

lonffiortlwfif but the la>t phrase has been cancelled and replaced by E. cuitlc 
ereviopiloso etc., the Linnean diagnosio of E.italicum, This alteration points to 
an observer who had noticed the agreement of the specimen with E, ilalicunif 
Brot., but overlooked the fact that Brotero's is not Liiinieiis’.s italicum. 

(5) Hort. Chelsea. A tine specimen labelled by Solander first ? itaficmn and then 

Echium lusitunicmn, L. M. 

B. Boyen’s synonym, E, caule aimpUei, Joliifi vaulinis l(tnreolails sericels^ 
forilms spivatis lateralihos^ Lugdb. p. 407,"’ is uselessly indefinite in itself, 
but Lehmann, Asperif. p. 452, under E. hisitauivutn (which to him meant 
E. Broteri) observes, “ asservantur in herbario Vuhliano exeinplaria ab ipso 
Royeni Museo a Bruginaniio data.'" It is tlierefore clear that this synonym 
also refers to E. Broteri, 

The Linnean specimen bears no writing in the hand of Linna‘us himself, 
but an old label in that of Jan Burman saying “ Echium luaitmticum folio 
amplusimo Tourn.'" Now Burman’s entire herbarium was brought by his 

♦ Unfortunately this fragment i.s missing at Kevv, perhaps lost when the plants were 
mounted. 
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iOB to Linnseua in 1760. Therefor© Linnpens cannot have seen this specimen 
when he wrote the diagnosis of lusitanicnm for the Sp. PI. of 1753, bnt that 
he saw it afterwards is proved by the name hisitmdcvm being underscored in 
his copy of the twelfth edition of the ‘ Systeina Naturse’ of 1767*. The 
name Ivsitanicum now on the sheet was written by Linn, fil., who ought to 
have known what his father meant, notwithstanding that Sir J. E. Smith has 
pencilled a note of interrogation after the name. The specimen is unmis¬ 
takably E» Broteri. Tt consists of two leaves measuring respectively 45 x 8 
and 30 X 14 cm., covered with rather sparse soft hairs, which on the upper 
surface only are tubercle-borne. There are no stem-leaves. There is also 
the upper part of a fruiting stem, forming a panicle 15 x 14 cm., composed 
of six cincinni, erecto-patent and very much elongated in the fruiting stage, 
the uppermost springing close together so to give to the whole a false 
appearance of being corymbose. Each cincinnus is 10-15 cm. long, with 
30-40 or more small, almost sessile flowers. The biacts are lanceolate, equal 
to or shorter than the calyces, of which the teeth are lanceolate, acute, 5-7 mm. 
long. The whole inflorescence is rough with white setaceous hairs on white 
tubercles. Very few corollas remain, but they have evidently been small, 
subrogular, and only slightly dilated at the tin oat. They are too much 
withered tor the character and length of the fetamens to be defined. Owing 
to the advanced stage in which it has been gathered the elongated, erecto- 
patent cincinni look very unlike those of examples in an early flowering 
stage. But this change of superficial appearance occuis in most ‘•pecies. 

Are we then to decide that E. Brotari is the species indicated by Linnams 
under the name lusitamevm, which therefore must be used for it? Surely 
we must, seeing that this is the plant referred to in the two sj non} ms and 
represented by the fine specimen in the herbarium, notwithstanding :— 

(a) the name on the specimen not being in Linnaeus’s own hand, 

(h) the phrase corollis stamhie lotH/wribus,^^ 

(c) the baseless opinion of Brotero that by lasitamciim Linnasus meant 
a form of ndgare^ 

(ei) the opinion of Link, based on a mistake, that the lasitankum of 
Linnaeus was E, plaTiiaguievm^ 

(e) the erroneous statement of Link and Lehmann, uncritically accepted 
by later authors, that Linnaeus’s herbarium contains no specimen of 
E. lusitanicum. 

The objections shall be taken in order :— 

(a) That Linnaeus did not himself write the name lasitanimm on the sheet 
with the specimen may have been due to his old doubt as to the identity of 
Royen’s and Tournefort’s synonyms, indicated by the query appended to the 

* See Br. Daydon Jacksou*e * Index to the Linnean Herbariuin,’ p. S, as to Linnseus^s use 
of underseoringf. 
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latter in the ‘ Species Plantarum.’ I think we may be fairly sure that when 
he wrote that work he had not seen any bpecimens that he knew to be 
Tournefort’b Kchium amplimmo folio lusitaincum^ for the example in Hort. 
Cliff, was unrecognised by him. Why he did not further deal with the 
species after he had Burman’s specimen it is useless to speculate. But in 
all the circumstances we certiiinly cannot take the absence of his autograph as 
any indication that he thought the specimen was not his iHSitanicum, 

(b) This phrase is the only serious objection to the identification of 
K, lositaniaun with Av. Brotevi^ the stamens of the latter being exserted, 
<jspecially the two lowest, as noticed by Brotero. But in the specimen the 
very few remaining corollas are in such a state that the incompatibility of 
the phrase with the plant might be overlooked. Yet we cannot rely on such 
an explanation, which would throw no light on the reason for the original use 
of the phrase in Sp. Bl. We shall, I think, be justified in assuming either 
that loHfjionbos was a slip of the pen or of an amanuensis for ireviorihus^ or 
that it was a mi'^take due to some misunderstanding that cannot now be 
traced. Quandoque bonus dormitat Homerus.” 

(c) Brotero says under E. nil(iar(\ “ Echiuoi hfsitaoiunn Jj. quod passim 
occurrit, est varietas staminibus corolla vix brevioribus.'*’ How could Brotero 
know this with nothing but Linnams's brief phrase to go upon? He could 
not be referring to the Wiorzinekii form of cul(/aiY, qida passim non occurrit^ 
least of all in Portugal. Indeed, the nilijare of Brotero is &u))posod by all 
later authors to be Inbercohitinn^ Hoff mg. et Link. 

[(1) and {e) Almost simultaneously Link look the lusiUinicnm of Linnmus 
to mean Ej, plantaijineum. His suggestion and that of Brotero are equally 
untenable and mutually destructive. In 1804, the very year of publication 
of the FI. Lus., Link sent to Smith tw^o little flowering scraps, each about 
inches long, of E, plantaqinenm with this ticket :— 


2. Echitim lusitanicton ? Ad •plantaginmm quoque bene coiivenit. P.. in J^usit. 


These scraps may be seen on the sheet of K. plantaf/inmm in Herb. Smith, 
who has only written against them “ Portugal, Prof. Link 1804.” 

No doubt these fragments are what induced Smith to insert a query after 
Linn, fil.'s determination of specimen M as E, lusitanivam. We can only 
guess that some letter of his acknowledging them must have been misunder¬ 
stood as meaning that in Herb. Linn, there is no specimen of htsitanicnm. 
Indeed, Link, in FI. Port, ii: p. 186, went so far as to identify not only 
E. lusitanicnni^ Mill, (which is identical with the Linnean lu^itanicnm)^ but 
even Tournefort’s E» amplissinio folio Lnsitunicnni with E, plantaginenm^ 
which is manifestly absurd. He then goes on lasitanicum m herbario 

• 1 cannot read the two letters after F.; possibly meaning ‘^Frequens.” 
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tfitineano non exstafc. EUdumlasitanieam Milleriet synonymon Tournefortii 
bajtis loci sunt fide herbariorum/' (Exactly contrary to the fact.) Bxpur- 
gfititr itaque K, laisitmlvmn ex Systemate. Nostrum plaiitam esse K. planta- 
ffinemi Linn, litteris confermavit cl. SniiJh.” Yes; Smith’s letter may 
indeed have confii med that Link's specimen was E» plantaginmm, but that 
lias no bearing on the identity of htstfanicum^ L.!! It is also possible 
that some specimen of Boerhaa^e’s may have led Link or Smith to fancy that 
-ft'. lusitanicum was identical %\ith plantagineutn. Among Boerhaave’s plants 
in Herb. Sloane, vol. 321, p. 63, there is n piece of plantagineum labelled 
“ Anchusa luiitanica non desenptaJ*’' Link’s erroneous statement “ lust* 
tamcum in herbario Linneano non exstat” has been handed down to later 
authors and never corrected until now. E%en Lehmann says ‘‘ ft', lusitanicum 
deest in heibario Linneano, quod Smith in litteris,” and the error has been 
accepted by de Coincy in a MS. note to the specimen of E. polycaulon in his 
herbarium, and by Ooutinho in Borag. Port, h c. [supruy p. 415). 

If the arguments I have adduced are not considered Mifficiently convincing 
to justify the use of the name lusitanicum^ L., in the sen«^e ot E. Broteri, Samj)., 
the only alternati^e^ will be to make use of Sampaio’s appellation and to 
reject altogether the Linnean name as a nomen lonfusuni, for there is no 
other meaning that can be assigned to it. 

(IV.) ECHIlTMPLANTAaiNEUMis well represented by specimens C,I),E, 
which are quite typical. The mark A 39 " on specimen 1) indicates that it 
CMine fiom one of Linna3us’s coriespondents whose name began with A, 
perhaps Alstidmer, who collected in lands where E, plantagineum is plentiful. 
Smith's query is accounted for by a specimen from Hoit. Paris in Heib. 
Banks, now^ at Mus.Brit,, which though certainly plantagineum was uiongly 
labelled orientate by Sohinder. Moiis, who inspected the Linnean herbarium, 
sajs of this specimen in FI. Sard.iii.p. 12b ft’, orientate H. B.sic in Linn, ! 
herbario, non a Linuseo, aliena manu insciiptum, pertinet ad E,plantagineum,^'' 
Specimen E was collected by Ixifling, as indicated by the mark ft. /5J," 
and therefore came from Spain or Portugal. 

This is the only Linnean species besides E. cvlgare that cannot give 
rise to any doubts. The description of the bracts and of the radical leaves 
and the loference to Barrelier, ic. 1026, aie sufficient to establish its identity. 
Among other distinctive characters it possesses two that are particularly 
useful, because easily verified in incomplete herbarium specimens and not 
found combined in any other species. (1) The indumentum of the leaves is 
not dimorphouh 01 composed, as in most kinds, of a carpet of short softish 
hairs above which longer scattered bristles project, but of bristly hairs alone, 
more or less tubeniilate at the base according to the age and habitat of the 
])lant. (2) The corolla is of a peculiar thin texture, not externally pubescent 
or velvety all over, but glabrous^ with hairs on the nerves only and more or 



SOME CRITICAL SPECIES OF ECHIUM. 


121 


less ciliaie on the margin. The colour in life is a varying compound of blue 
and light purple, ^\llich g(*nerally dries blue ))iit sometimes show*- the purple 
tint. The corollas of A'. Willd.= A', (^oincy, which by 

some anthons has been caielessly thought to be a \ariety of fflanta(]i}itetnn^ are 
smaller, pub<*scent all over externally, and Prussian or indigo blue in dried 
specimens 

The failure of j)re-Linnean botanists to recognise K. pluHtafiinemn and its 
.subsequent confusion with A’, rlolaretnn have caused much trouble. The 
rather wide intervals betv^een the fruiting calyces have encouraged confusion 
with K, crHicutUf and the purplisli corollas have led to the misappropriation of 
the name clolareum to large* flowered forms (>f Examples from 

the Atlantic islands often have* exceptionally large flowers—e. //., Bourg(‘au, 
PI. Canarienses anno 1845 no. 235, from Teneriffe, with corollas full} 3 cm. 
long and very wide-thioated. Similar plants in Herb. Kew are all labelled 
riolaceunt by i \ 13. (Marhe, these should perhaps be recognised as a variety, 
but not under that nanu*. 

ffrandl/lonun, Deni., is ver} distinct in respect of eveiy organ. Its 
reduction to a vaiieiy itlantagnieinn^ accepted even by so good a judge* as 
13all (doum. Linn. Soc. xvi. p. 575), is a rednetto ad aboard ant. A beautiful 
species from Palestine, K.jndfnnn mihi, closely allied to (jrandifioi nni. is 
wrongly determined plantatjuteam (or nolatennt in the same sense) in all 
the exsiecatti I have seen : for inskince, from the Haiam (\)urt at Jerusalem, 
leg. M. J. Fox, Feh. 1867; from Jericho in 15ornmuller\s It. Svi. 38^7, 
no. 1136, and fioin the same place in Meyers and Dinsmoie, PI. Pahesi. 
Claris Mortui. True jdantagineam is also found in Palestine : e. g. PI. 
Jordanicie ex Herb. Postian. no. 526 from Sarada and no. 527 fiom AV^ady el 
Kefar; also from Antioeb, leg. Loftus no. 71, 

E. planfatfinennt is the species which has spread most wddel} in legions 
remote from its natural home. It is represented from the (Jajie of Good 
Hope, from Australia, where it i» plentiful in grass lands lound Adelaide, 
from the Eastern U.S.A., from Southern Brazil (leg. ChamLso), from 
Montevideo, and from Buenos Aires. Poiret gave the name of A’, honariensi 
to the Buenos Aires plant,though it is just typical plantagineinn. 

But A\ planfat/ineam is by no means uniform. Its complete specific i'^ola- 
tion should encourage a study of its rorms. The radical leave*' do not alvva} s 
resemble those of Plantago major. Jacquin, Hort. Vind. t. 45 (1770), figures 
a narrow-leaved form as E. pi an tag inei Linn, an vnri(*tas ? which is quoted 
byMurray inS}st.Veg.ed. xiv. p. 189as “varietasfoliisradicalibuslanceolatis 
longe petiolatis Jacq. t. 45.” M, Battandier tells me that in Algeria 
jdantagineam hybridises wdtb (fraadiflornm. This is a matter for further 

* The annulus of the tube is quite ditfeient; plantaginmm belongs to De (‘ouicy’s sect 
Mkalket olepU^ maritimum oscillates between Bleutherolepib and Gmnolepk 
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investigation. So far I have not seen specimens that support this statement, 
but it can only be definitely confirmed in the field. 

In the old herbaria I have found sundry specimens undoubtedly referable 
to plantagineum^ but bearing strange determinations, the species having 
remained unrecognised until Linnaeus’s ‘ Mantissa ^ vras published ;— 

(1) In Herb. Morison (at Oxford) labelled “ E. cretkum latifolinm nibrum 

0. B. P. K. creficmn Clus.” 

(2) Herb. Sloane, ^oh 168, p. 12, among Banister^s collection : E. creti- 

cum P. Alpini."’ 

(3) Herb. Sloane, vol. 321, p. 63, among Boerhaave’s specimens are two 

jdeces of plantagineum beside each other, labelled respectively 
‘‘ hycopsu C. B. 255. Altera anglica Lob. 684. Echii altera species 
Dod. 904 and “ Anchusa Lasitanica non descripta ah e.rpertissimo 
iJom, (\ ... (illegible) apud quern j/oruit anno 1686 in Vindario 
LiisitanicoJ^^ 

(4) Hort. Cliff, labelled by the first hand E. folio asperrimo et verrucoso 

and by the second hand E. vulgare, 

(5) Holt. Cliff, labelled by the fir&t hand E. creticum laUJolium riihrum 

and by the second E, creticum, 

(6) Hort. Cliff, labelled by the first hand E. creticum angustifolium rubrum 

(although identical with no. 5) and by the second E. (rHimni, 

(7) Heib. Pallas, labelled E, violacevm, 

(8) Herb. Helvet. in Hb. Dick, labelled by Solander L, %iolaceum^ L. 

(9) Herb. Miller (probably), labelled in Mi ler’s hand “ E, creticum caUj- 

cibus fructesventibus remotis H. U. 35; E, creticum latijolium rubrum 
C. B. P.” and by Solander E, creticum, (The smaller piece on this 
sheet, maiked H. L. S. =sHortus Linmm siccus, is not plantagineum 
but really E, creticum^ herb. Linn.) 

(10) Herb. Reg. Paris, 1827, originally labelled E, maritimum ins, 
Stoecliadum ft, Maximo Tourn. Inst, 136 (which is represented in 
Hb. Tournef. No. 591 by a specimen of E, gramlijlorum^ Desf.), 
but by Miller E, caule erecto hispido^ fohis lin,-lanc, kispido^pilosu^ 
serntamp^^mcaulibus, Jloribus spicatis (ejminalibus^ and by Solander 
E, orientate. This is the specimen which explains Smith’s query 
on the Linnean specimen D. Of course, it has nothing to do with 
E, orientate^ L. 

All these specimens except the first are in the British Museum. 
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(V.) ECHIUM RUBRUM. 

The three specimens 4, L are in ^oocl preservation and quite typical of 
Jacquin’s species. The mark on J indicates a ])lant sent by (xorber, who 
collected in South linssia in the area of K. rtfhrum. The unusual style, not 
deeply cloven into two filiform branches as in all other European species, but 
ending in a clubbed stigma, is conspicuous. The corollas still preserve the 
dark red colour, as of dry blood, that is peculiar to ruhrum. The species 
was well known to Clusius, who has a good figure of it as Kchiitm ruhro ft ore 
in Rar. f^tirp. T^inn. j). CtSl (1583) and in Hist. ii. p. 164 (1590), with a fair 
description, assigning as habitat the neighbourhood of Sopronium (Oeden- 
burg) in Hungary, which is also Jacquin's iovus, rlassirus. Unfortunately, 
Ulusius's name is quoted by Linnaens under rinlaceitnt^ but Echium ruhro 
pore^ Ray Hist. p. 499, identical with (4usius’s plant, is given as a synonym 
of E. cretiemn. To the confusion of mind underlying this double false 
reference may be attributed the absence of any determination by Ijinmeus of 
his three specimens. 

(VT.) ECHIUM VIOLACEUM. 

Ech’imi rio/arf’u??!, L. Mant. p. 42, has most frequently been misinterpreted, 
especially by Rritish botanists, as a large-flowered form of E, plaixtayineom. 
Individuals of the latter species are often determined as violaceum ; many 
such with large corollas, from the Atlantic i.^lands, having been so labelled 
by C. B. (fiarke in Herb. Kcw. On the other hand, Grrenier, in FI, Fr. ii. 
p. 524, argued that-Linnauis meant E, rifbrum, Jacq., but the diagnosis and 
the specimen in the herbarium prove both suppositions to be wrong. Moris’s 
statement in FI. Sard. iii. p. 129 that Sibth. & Sin., was meant, 

E.violaceum H. U. sic in Linnad 1 herbario, ramus absque foliis radicalibus, 
Echium jutsfulafum nostrum inaxime refert. Ab E, plantayiueo certe 
alienuin/^ is nearer the mark, but I shall give reasons for thinking that the 
specimen is not true K, pustidatum^ Sibth, & Sm. 

Are we then to substitute E, violaceum, L., as the earlier name, for that of 
whatever species this specimen may really belong to ? Certainly not ; 
because even if the identity of the specimen were indisputable, the name 
violaceum is a confusion of the plant represented thereby with E, rwi/r/on, Jacq., 
and ought therefore to be rejected as a nomeri coufiisum in conformity with 
Art. 51, clause 4, of the international rules. To do otherwise would, in view 
of the continual and varying misuse of the name, only perpetuate error. It 
is therefore best to discard the name once and for all. 

The confusion by Linnaeus of E, rubmm with his herbarium plant from 
Hort. Ups. will become obvious if we analyse what ho says in the ‘ Mantissa,’ 
He begins (1) with a diagnosis ; “ Echium corollis stamina sequantibus ; 
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tubo oalycibus breviore/’ Then follow two synonyms: (2) J^J. syUmire 
hirmtvtii maculaiumy Bauh. Pin. 254, and (3) E, vubro floret (Jins. Hist. ii. 
p. 164. Then comes (4) Habitat in Austria.” And there follows an Obs. 
with five remarks: (5) “ simillimiim E, vulgari sed corolla violacea ” ; 
(6) “ caulis niagis diffusus ” j (7) “ stamina corolla non longiora, purpurea, 
tamen <»tylo albo pi lose ” ; (8) “corollse tubus longitudine fere calycis” ; 
(9) “facies distincta.” And (10) a statement that the plant described was 
grown in Hort. Ups. Of the above elements 2, 3, and 4 refer to K, rufmmi 
and to /?. ruhnim only; the remaining seven apply to the herbaiium 
specimen. 

No. 2 (the first synonym), wrongly asciibed by Linnjeus to C, BauLin's 
‘Pinax," p. 254 (1623), is not found there, but in his ‘ Phytopinax,’ p. 490 
(1596), as “ Kchium sylvestre spcimdnm Idrsvtum maetdaittm = E. riihro flore 
Ulus. Pann. p. 682.” It is therefore identical with the second synonym, 
wdiich is found in Clusius, Rar. Stirp. Pann. p. 681 (1583), and in his Hist. 
PI. ii. p. 164 (1590), with an excellent figure that can represent nothing but 
K. rub'intm, Jacq., and a fairly good account of the plant, stated to come from 
Sopronium (Oedenburg) in Hungary. The “habitat in Austiia ” therefore 
agrees with E, ruhrum^ but not with the specimen, which does not resemble 
any species found in Austria or Hungary 

Nevertheless, it is impossible to identify the nolaceum of Linnrens with 
/l'. rutrwm, because : (1) the herbarium specimen is not nihrurn; (2) the 
herbaiium contains three excellent specimens of K, ruhrum^ though unnamed 
and unrecognised by Linna3us (see note 7 on specimens J, K, L); (3) E.ruhro 
flore^ Ray Hist. i. p. 499, which is identical with K. rubrojlore^ (lus., is not 
quoted here but under E, creticum^ showing that Linnseus had no clear or 
consistent idea of E, rubro flare) (4) the diagnosis and the characters 
indicated in the Obs. are incompatible with E, rubmm. The specimen is not 
rubnm, because it has a bifid style and is unlike that species in every 
character. The identification with E. planiaghmmi or a large-flowered 
variety of that species is obviously incompatible with the synonyms and 
habitat assigned; it must have been based by those who adopted it on the 
descriptive elements, which at first sight might be thought applicable. But 
Linnseus tells us fliat he was describing the Hort. Ups. plant represented in 
the herbarium by our specimen, which is not plantaginevm on account of the 
very different indumentum, and the pubescent corollas that also differ in 
texture and shape. The specimen is not the typical E. pnstulatvm of 

* With regard to the viohemtm of the German authors, it is to be noted that, as already 
remarked by Gieniei, VE, violacevm des auteurs allemands pas plus que hwt pUifitagineum 
ue eroissent en Autviche, mais seulement en Istrie et en Dalmatie/^ which in the time of 
Linn»U8 did not form part of the Austrian ierritoties, but were still subject-lands pf 
Venice, 
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Sibthorj) * from Sicily because the iiuliimonfinn is different, being even more 
tubercular, but less hispid ; this difference, however, may be due to cultiva¬ 
tion; the calyces and bracts also look somewhat different. 

Unfortunately the sj)ecimen in question only shows the upper part of 
a plant with a panicle about IWtsm. long by 10 cm. broad, the branches in the 
lower axils, whose flowers are still in bud, measuring 5-0 cm. The arrange¬ 
ment of the flowers almost recalls that of K, rosulafvnt, Jjange, the cimunni 
being few-flowered and scattered and very obscurely scorpoid or hardly 
furled. The indumentum of the stem is dimorphous, but that of the leaves 
is peculiar and similar to culti^ated examples of rosulaiviu. There is prac¬ 
tically non(‘ of the soft pubescence which is present in so many species ; all 
the hairs are bristles, larger or smaller, and the wdiole leaf very scabrous, not 
hispid, with regularly disposed seta' as in jilanta^iaeunt^ but with numerous 
minute tul)ercles scatiered over both surfaces, sonu' (|uite bald, some bearing 
inconspicuous bristly hairs. At inler\al> among these are larger tubercles 
occasionally crowmed by stronger thick bristles, but in most case> these l)ave 
l)een w'orn off or never d<‘veloped, so that most of the pearly j)ustules, which 
are very consiucuous, look nuked. The uppermost stem-leav('s are laiiceolaii* 
and i)ass ins(‘usihly into the lower bracts (which alone are visible) of the 
same shape. These arc* exceptionally long and foliaceous, f*qualling or 
exe(*eding the lower dowsers. The calyx-segments are very long and 
acuminate, the corollas about 2 cm. long; rather less oblicjue than is usuni 
in jmstulafum and not so w ide at the throat as in jdanfayineum^ nor ha\e 
they the peculiar thin texture of that species. Tliey arc* pubescent all over, 
not glabrous with hairs along the nerves and ciliate as in planiayiiuHtm, 
They have dried blue with a paler pinkish throat. The st>le is hairy in its 
w’holc* lc*ngth and bifid to a depth of not more tlian 2 mm. The stamens are 
sub-exsert, ?. rather longer than the lower but shorter than the upper lobes 
of the corolla. Without dissection, which is not permissible*, one cannot be* 
sure w^heiher the tilameiits are quite glabrous. 1 suspect that this garden 
plant originatc'd from one of the Edna of the Spanisli peninsula, hut it is 
diflicult to say from which. 

In the old herbaria at the British Museum 1 have found sundry specimens 
more or less like that of Linnseus; all I think garden forms, in which 
cultivation has reduced the hairy coat, but not the pustules, so that the leaves 
sometimes look as thougli they were studded wutli pearls. Some of these 
show a peculiar lax inflorescence and diffuse habit, which may point to 
K. rosulatum^ Lange, as their origin. Nor can we be sure* that some may 
not be natural garden hybrids. None have the true radical tuft of leaves 
preserved:— 


* niv note on the JiJchm of Sibthorp's herbarium, p. 38C, 
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1. Herb* Sloane, vol. 306, p* 156, among Uvedale’s Plantte Bayana; 
as ‘‘ E. hispamrvm verrueomm angustifolium^ Dni. Yaillant; ai 
E, foliis angustis rillom Toarji/’ I have not detected hairs on th< 
filaments of this specimen. 

' 2. Herb, Sherard (at ^ Oxford); from Dr. Dillenius as “ Erhiurr 

perlaium Vaill.” 

3. Hort. (liff., labelled by the first hand ‘‘ E, foliis angvstis et viUosis 

Tourn./’ but by the second ^‘fruHcosum,'^ which is then erased and 
altered to argenteum,"^ both the latter names belonging to South 
African species now referred to Lohostemon. 

4. Herb. Gronov., labelled Echivm foliis angnstis et villosis Tourn. 136. 

Ancliifsa angnstis nlhsis foliis^ Booc. Miis. 2. 84, t. 78; E. perlaium 
angustifolium flispanicum quorundam,^^ This label is a transcript 
of Boerhaave, Ind. alt. PI. p. 104 (1720). 

5. Herb. Miller, labelled by him “ E, cadle ramoso aspero^ foliis calloso^ 

verrucosis, staminibus corolla longioribus ; Echium creticum (j. B. P.,” 
then by Solander first orientate and afterwards angiishfolivm 
Mill. Diet. no. 6.” 

Although the labels of the above specimens may point to E, angustifolhm, 
Lam., they do not belong to that remarkable species, which has nothing to 
do with angusti folium, Mill. They are good instances of the wild shots of the 
old botanists at the names of their garden plants. 

6. Hort. Chelsea, no. 2067 of 1763, labelled E. corollis stamine 

longioribus L. Sp. PI.” (which is the diagnosis of E, lusitanicum) 
and E, amplissimo folio hmtanicum Tourn,” 

7. Hort. Chelsea, labelled by Solander E. creticumf' on the same sheet 

as a piece of plantagineum, labelled by him orientale,'" 

8. Herb. Smith, labelled E. genevense Fairb.; E, creticum? Owm 

garden, Marlboro’ St. 1788. 

Tournefort’s herbarium unfortunately does not contain a specimen of his 
E, foliis angvstis et villosis, nor have I been able to determine precisely the 
plants bearing that title in herb. Jussieu, no. 6621. No. 6622 Jioris 
marini folio Tourn. 136 ” is very like some of the old Mus. Brit, examples. 
But the difficulty of an exact determination of the riolaceum of herb. Linn, 
is immaterial, for, whatever it be, it conflicts so absolutely with tlie diagnosis 
and synonyms that the name must certainly be abandoned. 

(VII.) ECHITTM VUiaABB, Sp. PI. p. 139 (1753), had already been men¬ 
tioned in Hort, Cliff, p. 43 (1737), as E, canle simplici, foliis eaulinis lanceo^ 
latis,fl 0 ribits spicatis euf alisf^ and again in FI. Suec. p. 56 (1745), as found 
in Sweden, with the words of the diagnosis very slightly altered. In Hort* 
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Cliff, there^ is tlio ohsorvatioii, “ varietates hujus fere tot quot individual' 
and the desperate sug^e^^tion that even the two following species, which are 
€reticum,ruhrum, angitstifolwm and orientale, may not ho specifically different. 
The specimen is the up])er part of a plant, with the inflorescence 24 cm. long 
by only 5 cm. broad, composed of over twenty simple, very scorpioid, axillary 
cincinni, none of which in flower exceed 25 mm. in length. The stamens all 
protrude beyond the longest part of the corolla, and have glabrous filaments. 
No habitat is marked, but the specimen is exactly the E. vulgare common in 
England. 

To include in E, mtlgiu'p, L., the rather numerous forms which in southern 
Europe replace this plant (»f Scandinavia, England, and Central Europe, and 
differ from each other as much as from typical vulgarp, is surely putting a 
great strain on the Linnoan name. (See my paper on the ?Jchia of Sibthorp’s 
herbarium as to the redation of some of these forms to true puJgarp.) 

(VIII.) SPECIMEN G. 

This is a young specimen of one of the Spanish forms of the ndgare-- 
pKStxdatifin-gadUanttni group, but it is too scanty to determine more closely. 
It is a very small erect j)lant, not over 15%> cm. high, with twofold 
indumentum and smallish blu(‘ pubescent corollas, about 2 cm. long, with 
style and the two longest staimms only protruding, equalling the upper 
corolla-lobes. 

The mark, 152 seeing that this sheet is pinned to one marked 

L. 152,” imlicates almost certainly that this specimen also Wiis colleetod by 
T/dfling. I have not been able to trace the plirase, E, moidanum parvum 
Hore magno,’"' in the old books, nor to ascertain what local it}- is meant by 
‘‘in mont. Espartal.,” although 1 find Capo Spartel on the African coast 
spelt “Esparier’ in an old Spanish gazetteer. There is no evidence that 
Ijoefling ever visited the African side of the Strait of Gibraltar, but if this 
specimen really came from that region other possibilities as to its identity 
are opened up. 


V. 

Tin: ECIIIA OF MILLEK’S ‘OAllDENER’S DICTJONARV.’ 

Of the seven species of Echivm described in Miller’s eighth edition of 17()8 
all but the seventh give rise to troublesome questions. This innocent no. 7, 
Echium fruticomm^ L., is a South African Lobostemon, L, fruticosus^ liuek, 
of which no more need be said here. To take the other six in order : the 
first two are named by Miller Echium anglivwn and Kchinm vulgare. The 
first, /?. anglicum^ of which he says “staminibus corollum icquantibus” is 
doubtless E, vulgare^ h,, v^Lr. j)arvi^ 07 *um^ Bt, Am., FI. Agen. p. 82 (1821), 
the small-flowered pistillate form usually known as E, Wierzlnckii, Ha))erl., 
LIKN. JOUUX,—botany, VOL. XLIVt 2 N 
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Cat Hork. Bot. Pest.* (1827), ex Rouy, FI. Fr. x. p. 306, and in Reichb. 
FI. Exc. p. 336 (1830). It has no claim to rank as a species, or even 
as a variety, being merely a sexual modification of E. mlgare occasionally 
found mixed with the type-t St. Amans states that both forms of corolla 
had been found on the same plant by the banks of the Garonne by 
M. Chaubard. The varying behaviour of seedlings from the pisrillato form 
is discussed by Rouy in a footnote. Type-specimens of E. WierzUcUi^ 
collected by Dr. Wiorzbicki in the Banat, may be seen at Kew and at the 
British Museum. They are very exactly figured in Reichb. FI. Germ, 
tab. 1298. fig. 3. Others with less extremely small corollas are at Kew 
from St. Amans’s hv\»& dassimis on the Garonne, from Aurillac in Savoy, 
from Tal y (lawdd, near Ruabon, N. Wales, and elsewhere. 

But Miller appears to have accidentally transposed the names anglicum 
and vulgare. He was, as usual, describing under no. 1 a garden plant—one 
not known to him ns a British native, for he says ’Mt grows naturally in 
Germany and Austria, from whence I received the seeds." The only 
bpecimen in his herbarium marked anglietim'^ is precisely the common 
E, vulgare^ L., with protruding stamens, which therefore lepiesents his no. 2, 
not this no. 1. Moreover, the name anglivum is derived from LohePs Lgcopm 
itnglicay which Miller quotes as a synonym of his no. 2, whereas he cites 
E. vulgare, 0. B. P., for no. 1, though it is quoted by Linnaeus tor E, vulgare. 
Hudson, FI. Angl. pp. 69, 70 (1762), had already used the names anglicum 
and vulgare, but in an opposite sense from Miller, for his vulgare is defined 
“caule simplici erecto, foliis caulinis laiiceolatis hispidis, floribus spicatis 
lateralibus, stamiuibus corollain requaiitibus/’ which is Miller’s diagnosis of 
his anglicum, whilst Hudson uses the name anglicum for the common British 
plant, and defines it (quoting Lyeopsis anglica Lohelii) as “caule simplici 
erecto, foliis lanceolato-Iinearibns hispidis, floribus spicatis lateralibus, 
staminibus corolla longioribus,” this being the phrase which Miller applies 
to his E. vulgare. Hudson professes to be quoting both these phrases from 
Mill. Diet. Hort. edit. 6, which is not in accordance with fact, for Miller first 
used them in his seventh edition of 1759. They do not occur in the sixth 
edition of 1752, where Echium vulgare alone is named, with no allusion to the 
length of the stamens. In ed. 2, p. 83 (1778), Hudson reduces E, anglicum 
to E. xmlgare var. anglicum. 

Miller’s second species, E. vulgare, is precisely E. vulgare, L., whose 
diagnostic phrase, which originally appeared in Hort. Cliff, p. 45 (1737), he 
copies with the addition of the words “ staminibus corolla longioribus.” 
These words and his statement that this second sort grows naturally upon 


♦ I have not been able to see a copy of this work, and Kouy does not mention the pa^e. 
t Fo^’ E. Wiet zhickii, see Ooincy in Bull, Herb. Boiss. ser. 2, L pp, 789-792, 
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chalky lauds in inosfc j)art' 5 of England” establish the identity. We theretbre 
get the following synonymy ;— 

(1) Ecliium anfflicnm^ Mill. = A", vulgare^ Huds. ed. 1=:A. nilgare^ L., 

var. pa?'cifforum^ St. Am.^ “ WierzbicVdy Haber!., and 

(2) Kchiiim rulgare^ Mill. = 7l/\ vitlgare^ L.==A'. anglicum, Huds. ed. 1 

= 75. vulgare var. angllcum^ Huds. ed. 2. Baubin’s synonym 
should, of course, belong to Miller’s 75. imlgare^ not to his 
/5. anglicum, where for some obscure reason he has wrongly 
placed it. 

Here the matter might end were it not for the unfortunate introduction, 
as a synonym, both by Milhu* and by Hudson, of LobelS Lgcop^sis angJica or 
Lgcopsis altera anglica. This is no doubt what led to Linnocus assigning 
Anglia as a habitat ol Kchium italicvm^ to wducli species ho \0r} rightly, in 
Sp. PL, transfeiT('d LobeFs name as var. )9. To trace the origin of the 
error as to LobeFs plant, and the confusion to which it has given rise, 
involves a long digression. 

Lobel, in his ‘Stir[)ium Adversaria nova,' p. 249 (1570), describes a plant 
under the name of Lt/copj^is^ rel Lgcapsis Jegener Anckusa^ ^Egineim, ^^athu>li 
Cgnoglosbum, Ho tells us in very awkward Latin that it was first shown to 
him by Assatins, not far from the shore at Frontignan, and that he after¬ 
wards raised it troin seed at London in England. He also states that it has 
no real similarity to Aticlmba^ e\c(‘pt in the colour of the root, the hi«])id stem 
and loaves, and the tangled hairiness of the flowers ; and that it has the 
flowers of Echiam iimbrialnm^ ^ of a dilute purple colour, v\ith slender stamens. 
Now the only Echium growing in the Montpellier neighbourhood to which 
this account could apply is /5. pgrenatntm, LobeFs plant is figured in his 
Stirp. Hist. p. 812 (157G), as Lgcopsis altera angJtca Advers. }). 249 
perperam Cy nogloss inn MaithiolE’' alongside of Eclimm sice Jiuglossinn 
sihestre^ The figure in question certainly rejirescmts Echium pyrenaicum. 
The corollas are clearly intended for those of either /5. italic urn or 75. pyre- 
natcum^ but the broad pyramidal branching is more like pyrenaicinn. The 
corollas especially, as well as the ramification, forbid the identification with 
E. plantagineuin, which w’^as made by (\ Bauhin and by Ray, and for othei 
reasons might be tempting. 

The same pair of figures recur in the ‘ Kruydtboeck,’p. 684 (1581and in 
Ic. Stirp. p. 579, in both editions of 1581 and 1591. and are again found 
in Dodoens, Stirp. Hist. p. 620 (1583), under the names of Echium and 
Echli altera species, and in Gerard, Hist, PI. p. 802 (1633), as Echium vulgare 
and Lycopsis anglica. Thus Kchii altera species, Dod., is identical with 

* Wrongly attributed to Schur, Eiium. PI. Trans, p. 470, which is much later (1806). 

t 1 have not adcertaiiied what plant he alludes to as E Jimhriatum, 
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Lpcopaia altera atujlica^ Lob., which, be it noted, does not mean “another 
jSnglish Lycopsis,'' but “another Lycopsis, the English one/’ An unfor¬ 
tunate expression, £or that word “ Angliea^^^ which only meant that Lobel 
had grown the plant in England, misled the later authors [e. g,^ Parkinson, 
Theatr. p. 518 (1640)], who wrongly assumed that Lgcopsia anglica must be 
a native English plant, If they had road a few lines farther they would 
have found Jjobel saying : “ Haec ab ea qum hie in Anglia via quse Bathonia 
et Bristolia Londinum ducit per messes l?eta et inulta hilari videtur 
aspectu, floribus tantum diflFert; quos non socus foliorum et alarum inter- 
stitia, sed in summis caulibus saturatiore purpureo, Anchusse majoris. Ut 
prior (^r. Anchusa lignosior angustifolia) subrubra linet et nonnihil rubelli 
aflfricat digitis,” meaning that his Lgcopsis altera Anglica is not the common 
English Viper’s Bugloss, which he had admired in the fields near the 
Bath Road. 

Caspar Bauhin, in his ‘Pinax’ (1(523), enumerates on p. 254 eleven plants 
under the name of Kchhim (not all belonging to the modern genus), including 
E, mlgare as no. 2. Then on p. 255 he has tv\o species of Lgeopais^ the 
second of which, Lgcopsis aggpfiaca^ does not concern us, but to the first, 
which is “ Lycopsia^'* simply, he appends a long lis( of synonyms, and among 
them are Echii altera aperies^ l)od., Lycopsis vel Lycapsia degener Anchusa 
dUginefcv, Ad., and Lycopsis altera Anglica^ Lob. It is therefore certain that 
0, Bauhiu considered Lobel’s plant identical with his own Lycopsis.^'* But 
his remark at the end of the list of synonyms lets the cat out of the bag, for 
it is only intelligible of //. plantagtneum and cannot apply to K, 

It is Aliquaiido cavle caret; Monspeliaca jfore est dilute purpureo i anglica 
saturations est purpura,"" Now E, plantagineam often occurs in a dwarf 
form, and the colour of the corollas varies just as stated by C. B., sometimes 
a pale reddish imrple predominating, particularly in the Ionian Islands 
{cf, FI. Gr. tab. 179), sometimes a full purplisli bine which dries blue. We 
must therefore bear in mind that Lycopsis anglica. Lob., is K, pyrenaicum^ 
but Lycopsis or Lycopsis anglica^ C. B. P., i& Lchium plantagineuin 

J. Bauhin, Hist. PI. iii. p. 586 (1561), absurdly says of LobeFs two 
figures, amkv nostrum Echivm vulgare refhmnt,"' which they do not. His 
own two figures are different. They represent E. vulgare and his E, alio 
Jiore imjiis, w^hich is E. italicum, 

Merrett, Pinax Her. Niit. Brit. p. 34 (1666), following Parkinson, claims 
Lycopsis anglica (of Gerard and therefore of Lobel) as a British plant. He 
speaks of E, vulgare, Ger., “ in muris et locis siccis," and of “ EcUum 
alterum sive Lycopsis anglica as growing “ cum priore/' so he regarded this 
as a companion form of Echium. Richardson (see below^) undc'rstood him to 
mean van parvij/iorum, 

♦ An exaiamp.tioii of Bauhins herbarium at Bale would be desirable to confirm the 
above. 
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Syn* Metli. Stirp. Brit. p. 75 (KIDO), only quotes h\ vidyare for 
England, minis etiam frequens,'’ but in the addenda at p. 258 there occurs 
among the plants observed in Jersey by Mr. Sherard, Lycopsis (\ B, 
Eddi altera species Dod. p. 680, cujus ic. hanc nostram bene repraesentat. 
In the sandy grounds near St. Hilary jilentifully." This means that Bay 
understood Bauhiirs Lycopsis to be the species subsequently known as 
E. plantayineum^ for the Jersey plant is well known to be that kind. It is 
still abundant at Si. Helier\s and elsewhere in the island, see Lester-Garland, 
FI. Jersey, p. 126 (1903). Specimens from Sherard's Innts rlassicas can be 
seen in Herb. Mus. Brit, and are exactly E. jdantayineunt, which is figured 
in E. B. tab. 2798 from the Jersey plant under the name of K. violaceum. 
But tlie remark about Dodo(ms's figure is strange from Bay, who had travelled 
where E. planlayineinn is plentiful. Apparently ho was not so well 
acquainted with E, pyrenaienm^ though he had seen E, italiciim in several 
j)arts of Italy. In the second edition of 1696, p. 119, he speaks of 
Lycojtsis^ 0. B., and Lycopsis anglica^ Ijob., as of two different sj)ecies, the 
former (with Eclni altera species again wrongly brought in) growing in the 
isle of Jersey and therefore jdaatagineitm ; but of the latter he says ‘‘ Ijobel 
mentions another sort wliich he calls Lycopsis anyUcu^ to be found plentifully 
among the corn on the w^ay between Bristol and Loudon, which no man since 
him hath been able to discover ; so that 1 conclude what he observed there 
was nothing but the common ErliiainE This conclusion is right, but Bay 
misrepresents Jjobel, perhaps from memory, a^ saying just the contrary of 
what he really had said. 

Then in ed. 3, p. 227 (1724), throe species are definitely set up, intended 
for E. cfilgare, E. phudagineum (from Jersey only), and E. vidgare var. 
parviflorum^ and referred to respectively as follows : 1. E, vulgare, J. B., iii. 
586, (I B. P., 254. 2. Lycopsis^ C. B. P., repeating all that had been said 

in ed. 2 as to this plant occurring in Jersey. 3. Echium alteram sive 
Lycopsis altera^ Merrett. We have two to be met wdth in the North as 
well as in the Soutli; the alterutn differs from the ndgare^ J. B., chiefiy in 
the smallness of the flow^er and being thicker set in the spike. ’Tis 
probable this may be Lycojfsis anglica LobeliiE This observation is due to 
Dr. Bichardson, many of whose notes were embodied by Dillenius in this 
3rd edition. 

Meanwhile, in 1699, Morison, Hist. Ox. iii. p. 441, had described Echium 
plautagineum as his no. 6 under a new name as follow’s : Echium ramosius 
annuum flore suace ruheute, Nobis. Lyco])sis (I B. P. Echii altera sj^ecies 
Dod. Ha?c fortasse est eadem planta, qum a Lolxdio in ‘ Adversariis,’ p. 249, 
memoratur ; ei o seminibus *in Insula (Jjesarea vulgo Jersie a cl. Botanico 
D. 1). Sherard collecta, nobis orta est.’’ He therefore did not diMtinguish 
the Lycopsis of Lobel from that of Bauhin. 

We may now turn to the old herbaria. That of Sherard, which by the 
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kindness of Mr. Drace I Iidve inspected, contains no plant from Jersey ; his 
only example of h\ platUagineum was sent by Trionfetti and is unnamed. 
That of Dillenius, besides two pieces labelled vulffare, has one labelled 

L^copsis B. Pin. In agris Blackheatb.” This, though thought by 
Sir J. E. Smith to be italintm is nothing but vulgare, as Mr. Druce hns 
already stated in ‘The Herbaria of Dillenius,’ p. 75. But in Morison's 
herbarium there is a specimen of his Ecldum mmosum annuum Jiore suave 
ruhente^ which should be the plant raised from seeds collecfted by Sherard in 
Jersey, and indeed is referred to plantagineum by Vines apd Druce in tlieir 
account of the Morisonian Hei barium. Unfortunately tbe specimen on 
closer examination turns out not to be plantaginevmy as is proved by the 
corollas being pubescent all over and by the indumentum. But the next 
specimen, labelled originally “ Echium cretimm laft/olium ruhrum 0. B. P.,” 
and accepted by Vines and Druce as E. creticum, L., is piecisely E. plantar- 
gineum. It looks as if there had been some interchange of the specimens or 
their labels, and the second specimen was really tln^ one raised from the 
Jersey seed‘d. 

The volumes of the Sloane herbarium at the British Museum are instruc¬ 
tive. In vol. 121, containing the PJunta* Biitaiinicm of the Itev. Adam 
Buddie (1660-1715), at p. 6, there is a scrap of E. jfJantagtnevm^ labelled 
“ Echii altera species, Dod. ; Lycopsus C, B.,’' and then, alongside of each 
other, two very similar spikes of E. vulgare : one the ordinal y form, labelled 
“ Echium /tore magiw. This I take to be the Lf/cojtsiiS auglica^ Lob. Ger, etc., 
though *tis very eonuiion''; the other mxy, paivifiorum labelled Echium 
Jiore parvo. Thi'* I take to be tbe Echium vulgare C. B. etc., though very 
scarce.'* Thus we have Ray’s three kinds on the sheet, and we also 
have the fiist suggestion of the identification, aft(*rvvards adopted by Miller, 
of 0. Bauhin's vulgare with the small-flowered form. 

In vol. 151, p. 177, among Petiver's plants, are four specimens of which 
two are E, ndgare; the third marked ^'‘Echium anylicum Jiore miuore^ stylo 
tantum e.tserto’'^ is var. parviflorum^ and the lourth, although labelled 
“ E» ramosiku Jiore maveolente H. Ox,,” is merely the white-flowered form of 
vulgare. Then in vol. 321, p. 63, among Boerhaave's specimens, is a piece 
of E. plantagineum labelled Lycopsis C. B.; Altera anglica, Lob,; Echii 
altera species Dod.” 

To sum up the pre-Linnean position : 

1. Lycojms altera anglica Echium pyrenaicum grown by him in 

London. 

2. Echii altera species^ Dod., is identical with Lobel’s Lyeopns altera 

anglica. 

3. Lycopsis^ C. B. P,, is Echium plantagineum, of which he knew tho 

pink-purple and the purple^blue variations. 
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4* Parkinson in 1()40 and Merrett in 1066 first apply Lobel’s name, 
probably known to them through (lorard, to an English form of 
vulgare. 

5, This idea is taken up by Richardson in Ray, who assigns Lobel’s 

naino to the pistillate form of ndgare from northern England, 
forgetting that the figure sho\As protruded stamens and a totally 
different habit, and refers Lyeopsis^ i \ B. P., to the Jersey plant, 
i, e., to K. jd (lilt agin earn. 

6. Morisoii refers Lycofms^ C. B. P., to the Jersey plant and suggests 

that Lobel’s may be tlie same. 

7* Boerhaave refers Lobel’s, (*. Bauhin’s, and Dodoens’s names all to 
K, yhintaplut'intu 

So far, the identity of Lobel’s plant with some form of h\ ifnJinim does 
not seem to have been suspected. But Linnams, Sp. PI. p. 139 (1753), 
quotes Lyeopsist^ Bauh. Pin., as var. j3 of ita/icuni^ showing that he 
recognised the true significance of Lobers figure, but misunder.4ood 
Bauhin's Lycopsis, Tn ed. 2, p. 200 (1762), he adds some characters to 
distinguish var. yS from typical kallettm^ which do not alter the position. 
Only, as the Englisli autliors had quoted both Bauhin's and Lobel's names 
for British plants, he not unnaturally fell into the trap and supposing 
iialinnn in some form to be British, quotes for it ‘•Anglia.” In the same 
year, 1762, Hudson reproduces the theory that Lobel’s name is one of the 
English forms of ndgare^ for which he now must coin a binomial name, and 
therefore creates anglicHm^ though he oddly ajqdies that name to the 
common form of /J, rnigare and the name vidgair to the rare jiistillate form, 
just as Buddie had done before him. He also identified Lycopsh^ C, B. P., 
with the Jersey plant, but finding it already quoted by Linnjeus for 
K, iUdicunt, thinks it necessary to call it iddivum, using the Linnean 
diagnosis of this, which is inapplicable to the Jersey plantagineum, 

Linnams saw Hudson’s work in time to insert a reference in the Appendix 
of Sj). PI. ed. 2, p. 1678, where he treals Hudson’s anglicum as synony¬ 
mous with his own PL iUdicinuy and Hudson’s PL iudicum as equivalent 
to his PL italinun which afterwards became JL pyretmicnm in the 
‘ Mantissa.’ These disastrous identifications are based entirely, as so often 
in Linnfeus’s work, on the old synonyms quoted by Hudson. Thus he, Miller, 
and Hudson betw een them introduced a fresh error, that E, italiniw in some 
form is a native both of England and of Jersey. This will be dealt with 
under Miller’s third species. 

Miller’s third species is EciiiUM ftalicum coroUis viv ccdycem e.mdvntihusy 
margine rillosis. Hort. Upsal. 35; PJcldtnn majus et asperius Jiore albo, 
C. B. P., 255, This grows naturally in the south of France, in Italy, and in 
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tlie Isle of Jersey, ft has never been doubted that this is K, italioum, L., 
gp. PL p. 139 (1753), {'.triusa var. /3. The erroneous account of the length 
ot ibe corollas is copied from Linnajus, who repeated it from his Horte Ups. 
in Sj>. PI. cd. 1. but not in ed. 2, where the first really intelligible account of 
J&. italictoH occurs. 

There is only one sheet of E. italicum in Herb. Miller. It agrees perfectly 
with the specimen in the Linueau herbarium, which is precisely K, altissimvmy 
Jacq. There is no writing on the sheet in Miller’s hand, the name italicum 
being written in pencil by Solander. There is no other (%elsea Garden 
specimen of italicum; one bearing no, 271fi and the words “ 7^. italicum 
1776,” with a penstroke through them, is E, plaufarjiueum. It cannot have 
been labelled italicum by Miller, for he died in 1771. 

But Jersey must be excluded from the habitat. Its supposed presence 
there is due partly to reliance on the unfortunate Li/cop&is''" muddle. The 
false argument was this: Lfjcojtsis has been found plentifully in Jersey by 
8heiard ; Linnaeus says Lycop^is is italicum and Hudson also calls the Jersey 
plant italicum ; therefore italicum grows in Jersey. But tlie error has been 
kept alive owing to confusion between the white-flowered form of vulgare 
and italicum. Although culgave is not quoted for Jersey by Lester-Qarland, 
he says it is frequent in Herm and common in Alderney, and it looks as if 
the white form had been found in Jersey in the past, though it cannot be 
claimed with certainty. In Herb. 81oane, vol. 151, p. 177, there is an 
example of white vulgare among Petiver’s plants bearing bis label: ^‘Ecltium 
ramosius Jtore maveoleute^ H. Ox. ; altera species, Dod. ; Lycojms^ C. B. , 
Auglica^ Ger.; altera Auglica, Lob. Wall Bugloss in the Isle of Jersey.” 
The plant is certainly vulgare ^fl, alho, but it is possible that the last w^ords of 
the label may not mean that this individual came from the island. 

Kebium italicum is professedly figured in E, B. tab. 2081 as a native 
of Jersey, for specimens of which from (Jhelsea Garden we are obliged to 
Mr. Fairlmirn.” Probably the seeds of the Chelsea Garden plant had not 
really come from Jersey. Sowerby’s original drawing at the British 
Museum only says “ Chelsea Garden,” and does not mention Jersey. The 
diawing seems to be a compromise between E, ifalicum and white-flowered 
E, vulgare^ of which an explanation is suggested hy a sheet in Soworby’s 
lierbarium at Mus. Brit, where there are two specimen^, both referred 
to E. B. tab. 2081, but while that on the left is true italicum^ the one oil 
the right is white vulgare. Between the two is a piece, in bud only, from 
J, Dickson's ^ Hortus Siccus Britannicus,’ 1793-1799, marked KcUum 
italicum^ Jersey.” As far as can be judged in so early a stage, this really 
is E, italicum^ but did it come from Jersey? or is it a garden plant from 
seeds wrongly supposed to come from that island ? If really from Jersey, 
E, italicum must have existed there at that time as an escape and sinc^ 
died put, 
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White-flouered E. vulyare occurs now and then in England, but 
Mr. Druce informs me that he knows no case of E, italicum being found 
except as a casual at Ware in Herts, where foreign poultry food is brought, 
and at Cothill in Berks. He has kindly allowed me to examine his specimens 
from both localities. Neither is true itaUcnm, The}^ are a very lax form 
of E. pyreyiaicnm, identical with Lapeyrouse’s authentic specimens of his 
E. jn/ramidale. 

Miller’s fourth species is “ Echium LUSITANICUM coroUis stamine longiorihuSy 
L. Sf). ‘iOO ; E. amplhshno folioy luskaiucnm Tourn. Inst. 135.” 

‘‘ It grows naturally in Portugal an<l Spain ; the lower leaves often are 
more than a foot long and two inches broad in the middle, gradually 
lessening to both (*nds, these are covered with soft hairs. The stalks grow 
two feet high ; the flowers are in short spikes coming from the side of the 
stalks; the petals of thes(' are longer than the stamina.” 

This admirable description can apply to nothing but Echhnn Brofpriy 
Sarnpaio ex (^ontinho, as Boragineas de Portugal in Bob Soc. Brot. xxi. 
p. Ill (1905), and in Coui. FI. Port. p. 499 = J?. lusitanicuin, L. (saltern 
herb.) = ^A itallcumy Brot. FI. Lus, i. p. 290, and Hfg. et Lk. FI. Port. i. 
]). 185, non L. The account of the leaves is quite conclusive. They are 
unlike those of any other species. 

Miller cannot possibly have meant E. plantagineumy to which for some 
inscrutable reason his E, hisitanicvm is referred, along with E, ampUssimo 
folio lusiiaiiicyniy Tourn., by Link on p. 186. I)e Candolle, Prodr. x. 
pp. 20 & 22, made Ihe confusion worse by accepting this false identifica¬ 
tion for Miller’s E, lusitanicinriy but not for Tournefort’s synonym nor for 
E. hmtaiilcintiy L. 

For an exjdanation of the often-repeated false statement that the Linnean 
herbarium contains no example of E, lusitamcuniy and for a justification of 
the identification of E. Iusitanicjim, L., with E. Broteri, Sarnp., I must refer 
to my notes on the Echia of Linnaeus. The only ground for doubting the 
identity of Miller's, or indeed of Linnaeus’s, lusitanicum with E, Broteri is 
the account which Linnaeus and Miller both give of the relative length of 
stamens and corolla, which certainly is not true of E, Broteriy but it would 
also be untrue of any other Portuguese species to which Miller’s name could 
be supposed to apply. 

It looks as if Miller had simply copied Linnaeus’s statement without 
thought. I can only suppose that Linnaeus himself made a mistake. There 
is an analogous misdescription of the length of the corollas of E. italicum in 
Sp. PL ed. 1, where these are quite wrongly said to be vix calycem 
excedentes.” 

There exists no specimen of E, lusitanicum marked Herb. Miller,” but 
there is a fine one from Chelsea Garden marked, though in pencil, by 
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Solafider iialicum ” and Echium lusitanicum L, M/* This is precisely 
E. Broteri^ of which there are two other old specimens in Herb. Sloane, 
both from Petivei’s collections. These are mentioned in detail in my notes 
on the Eclim of Linnseus. 

Miller's fifth Echium is “Echium crbticum caJycihuB fructeseentibus dis^ 
tautilnn, caide proeumhente, Linn. Hort. Upsal. 35; Echium Creticum 
latifohum ruhrum 0. B. P. 254. The fifth sort grows naturally in Crete ; 
this hath trailing hairy stalks, which grow about a foot long, and put out 
several side branches, garnished with hairy spear-shaped leaves about 
three inches long, and three-quarters of an inch broad, sitting close to 
the stalks. The flowers come out on slender spikes upon long foot-stalks 
which come from the wings of the leaves; they are large, of a reddish- 
purple colour, which turns to a fine blue when they are dried; these stand 
at a distance from each other on the spike. It is an annual plant which 
flowers in July and decays in autumn.” 

Echium creticum^ L., is n mixture of two very different species, which 
Clusius had distinguished, one being E, creticum angustifolium ruhrum, 
C. B. P., which is Miller’s sixth sort; the other E, creticum latifolium 
ruhrum, 0. B. P., which is represented by the specimen in Herb. Linn. 

This is a cultivated plant, which cannot have been derived from any 
Cretan kind, but is obviously a garden modification of E. grandiflormn, DesL 
(See my notes on the Echia of Linnaeus.) 

According to the synonymy, Miller’s E, creticum should be the E, creticum 
of Herb. Linn, His statement that it grows naturally in Ciete is a mere 
parrot echo of what he had read. Clusius himself was uncertain about 
the supposed Cretan origin. But, although the synonyms point to 
E. creticum, Linn, herb., I fear that Miller mixed up with it E, plmtagiueum, 
which is plentiful, though misnamed, in the old herbaria and not otherwise 
referied to in his dictionary. Indeed, his English description is more 
than suspiciously like E. plantagineum. The spear-shaped leaves he 
mentions would exclude that species if ho were speaking of radical leaves, 
but he means the stem-leaves. The purplish flowers of plantagineum 
often—not always—turn a “fine blue” when dried; those of 
Linn. Herb., do not. 

The only Cretan kind, other than plantagineum, that could be thought 
of for a moment is 7?. parv{florum, Moench, especially in its luxuriant form, 
var. erectum, DC. This, indeed, is the E. creticum of the ‘Flora Graeca,’ but 
not of Linnseus. It is, however, absolutely excluded by what Miller says of 
the flowers and by the reference to the synonyms. 

The specimens in the old herbaria, of which a fuller account will be found 
in my notes on the Echm of Linnseus^ confirm the suspicion of a muddle. 
There are none at the British Museum marked “ Herb. Miller,” Qne from 



ROME CIUTICAL SPECIES OF ECHIUM. 


rM 

Chelsea Garden in 1749, no. 13(»7, labelled E, creticum angustifolium rubram, 
C. where ‘‘ augustifoUum'^ obvioui?ly is a slip of the pen for latifolium, 

is ihe /?. creticum of Herb. Linn., but another, labelled by Solander 
“ E, creticum is a variety of E» pustulatum, S. & S., or one of the allied 
Mediterranean forms. The»e is also a sheet with no indication of where 
its contents grew, labelled in Miller’s handwriting “ E, calycibus frucies- 
cenlibus etc., H. U. 35; /s. creticum latIfoUum ruhrum^^ and by Solander 
‘‘ E, creticum.’^ Unfortunately, it contains two ])ioces belonging to different 
species, the sinaller being really E, creticum^ Herb. Linn., but the larger 
E, plantagineam. 

Therefore I think we must consider E, creticum^ Mill., to be a nomen 
confuhum. This is immaterial, as it does not affect the interpretation of 
E, creticum^ L. 

Miller’s sixth sort is Eohium anourtifolium caule ramoso^ aspero, foliis 
calloso^verntcosis^ staminihus corolla lougioribus, E, creticum angustifolium 
rubrunif C. B. P., 254. “This sixth sort hath branching stalks which grow 
a foot and a half long, declining toward the ground ; they are covered with 
stinging hairs ; the loaves are four inches long and not more than half 
an inch broad ; they are pretty much warted and are hairy. The flowers 
grow in loose spikes from the side of the stalks, and also at the end of the 
branches; they are of a rod dish-purple colour, but not so large as those of 
the former sort, and the stamina of these are longer than the petal. This 
is also an annual plant which grows naturally in Crete.” 

From the excellent description and from tho synonym this is certainly 
Echium hispldum, Sibth. ot Sin., FI. Gr. Prodr. i. p. 125 (180(>), FI. Gr. 
tab. 181 = E, elegans^ Lehni, Asperif. p. 459 (l818) = Vi.’. Sibtliorpii, Roem. et 
Sch. Syst. iv. p. 26 (1819). Lehmann’s and Uoemer’s names were only created 
to replace that of Sibthorp, owing to the existence of an earlier homonym, 
E. hisjndum, Thunb., a t^ape plant, now referred to the genus Lohosternon, 
We must boldly adopt Miller’s name of angustifolium^ if the rule of jiriority 
is to be adhered to. To such a course three objections might be raised. Firstly, 
that it would cause two changes in accepted nomenclature, for, as E, angusti- 
folnuriy Lam., would have to give way to E. angustifolium^ Mill., the name of 
that species too would have to be changed. Secondly, Miller calls his plant 
annual, whereas elegans is stated by HaBLcsy in Consp. FI. Gr. ii. p. 338, to 
be perennial. Such a mistake in this genus is very easy to make, unless the 
writer is well acquainted with the plant in its native haunts. Moreover, 
many Mediterranean coast perennials will not survive the damp of English 
autumns, even if they resist the frost of winter, and have to be treated as 
annuals in English gardens, where alone Miller knew his plants. I think 
we may fairly brush aside this objection. 

Thirdly, the presence of an inconvenient specimen in Herb. Miller with 
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a ticket in his own hand: ‘‘ IS, caule mmoso aspero^ foliU calloso^vennicosUy 
Hafnmibus eoroUis longiorihus^^^ which is the diagnosis of angustifolium and 
** E, creticum angustifolium ruhrum 0, B. P,,” to which Solander has added 
in pencil “ E, orieniale ” and angustifolium Mill. Diet. no. 6.’’ Unfortu- 
naiely, the plant is not creticum angustifolium ruhrum and does not agree 
with Miller’s description. It is I'eferable to E, pustulatum^ which was often 
confused in early times with E. Inspidum, e, g., by Smith himself. (See my 
note on the Echia of Herb. Sibtliorp, p. 386.) We must not be governed by the 
specimen and ignore tlie excellent description, especially when the specimen 
is a garden plant. It is common to find specimens in the old herbaria 
which do not agree with the species described. The case is diffci’ent from 
that of E, maritimum^ Willd., which is represented in that author’s herbarium 
by a single piece of E. plaiitagineum, for Willdenow has told us that he never 
saw but one example of his maritimum. See de Coincy in Morot’s Journ. 
Bot. xiv. p. 163, who consequently alters the name maritimum to coufusum^ 
a proceeding in which Kouy has refused to follow him. I may quote the 
apposite remarks of Bonnet in his account of Lamarck’s herbarium, Journ. 
Bot. xvi. p. 137 :—On connait les incoherences de I’herbier de Ijinne et 
les confusions de Willdenow . . . • un fjchantillon d’herbier ne doit servir k 
infirmer une description publii^e que s’il n’existe aucun doute sur son authen- 
ticit(5 j la description originale, mfime incomplete ou d^fectueuse rest© enticre, 
tandis que I’echantillon d’herbier est trop souvent soumis a des causes qui en 
alt6rent I’inteSgritii et I’authenticiti).” Now, though we know that Miller 
wrote that ticket, we do not know who at some later time gummed it to the 
sheet where we now find it. 

On the whole, I think we should not bo deterred by these three obstacles 
from reviving the neglected name, which seems to have been noticed by no 
one but Poiret in Diet. Enel. viii. p. 671, where he quotes it as var. h of 
E. creticum^ L., and equivalent to E, creticum angustifolium ruhrum^ Tourn,, 
w hich is known to be E. hispidum, Poiret is, of course, wrong in assigning 
as synonyms of angustifolium^ Mill., Lamarck’s angustifolium and Barrelier, 
ic. 1011, which represents Lamarck’s plant. 
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Plan 1-Distribution from the Standpoint of an Idoalisi. 

By H. B. Guppy, M.B., F.L.S. 

[Head 7tb February, 1918.] 

The most interesting and at the same time the most mysterious features of 
])lant-distribution centre around the rise of the great families. These ancient 
plant-groups belong so much to an era of other things, other ways, and other 
conditions, that the employment of such terms as ‘‘ genera and species ” 
in connection with their origin seems to be almost meaningless. All the 
influences that wo see normally at work around us now could only relate to 
the differentiation of the family-types into genera and s[)eeies ; and any 
theory that on such grounds endeavours to apply the present to the past in 
deciphering their origin would apparently be attempting an impossible task. 
One ventures to think that only the hypothesis that finds its guide to the 
past in the abnormalities of the present could be of service here. This would 
seem to place the pre-differentiation era, the age that witnessed the rise of 
the great families, outside the field of the Natural Selection theory, and in 
default of its aid to cause us to look to the Mutation hypothesis for guidance. 
Yet, although Darwin came to reject the ‘Ssport,’’ the original scope of his 
theory was large enough to admit it; and it may be, as the writer holds, 
that the antithesis between the two theories is more apparent than real. Yet 
the Mutation hypothesis was conceived in the spirit of Darwinism, was 
framed on Darwinian lines, and was formulated in Darwinian language ; 
and it is not easy to understand how the two theories were allowed to 
acquire the appearance of being mutually exclusive. There is room for bolh 
within the boundaries of the theory of Natural Selection as Darwin first 
conceived it; and there is work for boUi schools in its extension, its improve¬ 
ment, and its emendation. Whilst the Mntationist would find a fruitful 
field for his labours in the era of the rise of the great family-typos, the 
Darwinian evolutionist would be occupied with their subsequent differentia¬ 
tion into tribes, genera, and species. 

The rise of the great families and the lesson of the Compositce and the 
Gentians. —Two papers of great importance from this standpoint to the 
student of plant-distribution were published in the ‘ Journal of the Linnean 
Society’in 1873 and 1888, the first by Bentham on the (>ompositni?, the 
second by Huxley on the Gentians. They are important because, in dealing 
with the beginnings of the distribution of these two families, they ask tlie 
same questions and raise the same issues; and it is needless to add that, 
although in one case the methods employed were those of a great botanist 
and in the other those of a great zoologist, they bear in each case the 
impress of a master hand. Those interested in the subject will remember 
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that two years before tlie publication of his paper Huxley had outlined bi» 
view* in two letters to Hooker, letters which are given in the 2nd edition 
of his ‘ Life and Letters,’ l)y his son fii. 465-6, 1903). 

' It is proposed to commence this paper with a comparison of the views 
held by these investigators respecting the eaily history of the distribution of 
the two families concerned. Both are agreed as to the original wdde distri¬ 
bution of the primitive forms over the world, and both credit them with 
ignoring the great physical features of the globe, as at present displayed. 
Broad oceans, great deserts, and lofty mountain-ranges are all out of the 
reckoning in the respective discussions relating to the spread of these two 
families over the earth. Benthain holds to a very wide dispersion of the 
original stock of the Oompositse over the world when the physical configura¬ 
tion was very difterent from what it is in our day. Huxley speaks of a 
“ primitively continuous area of distribution,” and leaves the matter there. 
With reference to the state of differentiation of the original stock when it 
conquered the earth, Bentham holds that the Old and the New Worlds 
possessed the family at the earliest recognizable stage. Huxley hypothecated 
a widely spread primitive type that sub^^equently differentiated over the 
globe. Both, in imputing a high antiquity to the respective stocks, know¬ 
ingly disregarded the lack of geological evidence, the one considering that 
the Oompositae dated back to an early geological period, the other holding 
that even the more specialized and consequently the more recent of tho 
Gentians might have lived in the Cretaceous epoch. But Huxley went 
even beyond this when he assumed that the ‘‘Ur-Gentian ” might be 
carried back “almost as much farther as probabilities permit us to carry 
the existence of flowering plants.” 

For neither Bentham nor Huxley were the main features of the distri¬ 
bution of these two families concerned with means of dispersal. Huxley 
makes but little appeal to them and Bentham discredits their efficacy. 
Bentham begins with a family already universally distributed, although he 
implies an original centre of dispersion. Huxley would have nothing to do 
with any such centres, and his plain words on this subject ought never to 
be forgotten by the student of distribution. All such notions were excluded 
for him in a type that followed the principle of the simpler and older the 
type the * greater its range .—“The facts of distribution of tho Gentianese 
are (he writes) not to be accounted for by migration from any centre of 
diffusion to which locality can be assigned in the present condition of the 
world.” The problem was for him essentially a matter of the local 
modification of plants at different points of a “primitively continuous” 
area. Both Bentham and Huxley are at one in their conclusion that the 
main features of the distribution of these two families were determined 
in ages geologically remote ; and neither’s view of the eaily stages in the 
history of their distribution leaves any room for an appeal to centres of 
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dispersion. If behind the facts of distribution lies the cardinal principle 
that the farther we trace a type back the more generalized are its characters 
and the wider its range, the question of its original home is obviously not 
raised. 

What, we may ask, was the bearing of these views on general taxonomic 
principles ? Bentham was dealing with a world-ranging family holding 
about a tenth of the total known number of Angiosporms and displaying 
relatively few of the difficulties presented by small families with restricted 
distribution. He followed orthodox lines and the results were not dis¬ 
quieting to the systematist, although, if he had pushed his conclusions home, 
a clash with prevailing practice would have happened. With Huxley it 
was very different. ‘He was concerned with a much smaller family, one 
less widely distributed and displaying a preference for mountainous regions. 
To it he applied the same method of postulating a wide-ranging but little 
differentiated primitive type, and in so doing he raised many of the difficulties 
presented by the smaller families. But his method, as he perceived, con¬ 
siderably upset the accepted grouping of the Gentians, and in his enthusiasm 
in its advocacy he contended that “ a revision of Taxonomy and Distribution 
from the point of view of the Evolution doctrine will hardly fail to revolu¬ 
tionise both.'’ But the curious point is that as far as the early stages in the 
history of the Gentians are concerned the method advocated by Huxley was 
not Darwinism, as then conceived. It was pure Differentiation. With 
Bentham also, although clinging to the idea of a centre of dispersion, or of 
a home, for the (jompositso, he began wdth a ^vorld-ranging but slightly 
differentiated primitive type, and like Huxley with the Gentians he allowed 
it to work out its own lines of differentiation in the various regions of the 
globe. Tins is Evolution on a plane ; and the implication is that since the 
rise of the great families in the Mesozoic ages little else has been effected. 

The J)}fferentiation hypothesis ,—Altliough this hypothesis has rarely been 
formulated, there are various ways of stating it. It appears in a variety of 
guises in many a monograph of the families. The writer's mode of pre¬ 
senting it is to associate it with another theory relating to the differentiation 
of conditions, the modification of form being regarded as the response to the 
progressive differentiation of conditions. But it wouhl be possible to deal 
independently with the differentiation through tlie ages of the family into 
tribes, of the tribe into genera, and of the genus into species. Yet the two 
are commonly implied, and it is hard to dissociate the idea of differentiation 
of type from that of diversification of condition. There may, however, be 
different ways of stating the relation. The following is the writer’s method 
of doing so. 

He has come to close quarters with the central problem in successive 
stages. In the first stage the world, as far as plants are concerned, was 
mainly a differentiating world in which wide-ranging generalized types had 
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differantiated in response to the progressive diversification of conditions 
originally unifonn, a world in which the family differentiated into tribes, 
the tribes into genera, and the genera into species. But on perceiving that 
such a theory could only explain distribution where a continuous land-mass, 
not affected by unstable climatic conditions, was concerned, he came to 
recognize that the operations of the differentiating agencies had been largely 
controlled and directed by the divergence of the two great land-masses from 
the north, a control in its turn influenced by the secular fluctuations of 
climate and by the barriers that lay across the lines of migration. It may 
be stated that the progressive differentiation of floras in response to diversi¬ 
fication of conditions has long been recognized. The era of world-wide 
floras, as Mr. C. Reid well puts it (‘Encyclopa3dia Britaniiica,’ edit. 10, 
vol. xxxi. p. 432), began to pass away after the Cretaceous age, and from that 
period onward plants have responded more and more to the differentiation 
of conditions and have arranged themselves more and more according to 
geographical boundaries and climatic zones. The general trend of events in 
later ages is sufficiently indicated by the frequent application to these early 
types by various writers of such epithets as “comprehensive,^’ “generalized,” 
““ mixed,” “ synthetic,” etc. 

The views long advocated by Thiselton-Dyor brought about the first 
modification in the original interpretation of the theory, and the writer came 
in this way to lay stress on the point that the mingling of the floras of the 
eastern and western worlds might be regarded as the result of the successive 
migrations to and from the north polar region under the stress of climatic 
changes. The third stage was reached when he realized as a result of the 
statistical treatment of the subject, which is dealt wdth in later pages, that 
there was much in the distribution of the larger groups which the mixing of 
the eastern and western floras in the north polar regions would not explain. 
Though true of the smaller groups, as with species, the principle that the 
community between the Old and the New World is an affair of the north 
did not materialise with respect to families. On the contrary, it appeared, 
with regard to families of the first rank and the groups behind them, that 
the main features of distribution would have been much the same as they 
now are if the land of the globe had been gathered into a single mass. 
Thus the author came to distinguish between the larger and smaller groups 
in the response made to the great bi-cleavage of the land-surface of the 
globe, and to restrict the influences of the existing relations of land and sea 
to the smaller groups, as in the case of genera and species. This led him to 
perceive that if the differentiation hypothesis was valid the families and the 
larger groups behind them had not only ignored the bi-cleavage of the land- 
mass of the globe, but had been developed under conditions veiy different 
from those in which their genera and species had been produced. 

The independent behaviour of the great families with respect to existing 
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geographical conditions opened to him a prospect of removing a serious 
difficulty that might have been fatal to the general theory ; and that was 
the difficulty of conceiving the early stages in the differentiation of a typo 
in response to the first stages of the diversification of uniform conditions. 
Since characters become more constant and adaptivity to present conditions 
becomes less marked as one proceeds up the scale from the species to the 
family, it was obvious that if the hypothesis was to stand a different order of 
things had to be [)ostulated for the development of the larger groups, an 
order of things in which instability of characters was associated with 
uniformity of conditions. The responses of our groat family types to the 
changes in environment are negligible. Yet the distant age of the (Creta¬ 
ceous that witnessed the deployment of the Angiosperms, much as we know 
them now, must have been preceded by an era of great instability of floral 
characters—cliaracters on which the taxonomist has based his families and 
his groups of families, and characters that have been more or less fixed 
during the ages that have since elapsed. 

Obviously one was here face to face with a different order of tilings, but 
some time elapsed before further progress could be made in the elaboration of 
the theory. Having abandoned the position that uniformity of conditions anil 
immutability of type went together, a position that was the logical sequence 
of the differentiation hypothesis as at first conceived, one had either to adopt 
the opposite view or throw over the theory. It was not a dilemma peculiar 
to the difierontiation theory, since the mutationist and the Darwinian 
evolutionist experience a similar difficulty when they deal N\ith the genesis 
of the larger groups, the development of the family reijuiring the instability 
of characters which are mainly constant under present conditions. The wa} 
out of the difficulty was suggested on reading the account by Dr. Willis 
of the extreme uniformity of conditions in which the rodosteniacea' and 
Tristichacoa3 live in mountain-torrents and rushing streams around the 
tropics, a description of a state of things approaching the primeval state 
as far as uniformity is concerned. He describes the great morphological 
changes of the floral and vegetative organs under such conditions, modifica¬ 
tions characterized as without any adaptive significance and as the result of 
free mutation in every direction (Proc. Roy. Soc. vol. Ixxxvii. pp. 546, 548; 
1914). He speaks of the most astonishing variety of morphological 
structure” under conditions of life ‘‘absolutely uniform ” i^lbid. p. 533) 
On the results of the investigation of these families for many years he builds 
a powerful argument for the Mutation theory, and one can scarcely doubt 
that in time he will adopt a standpoint not essentially different from that of 
the Differentiation hypothesis. But what one is concerned with here is the 
association of extreme uniformity of conditions with extreme instability of 
type. It is a picture of the abnormal side of plant-life. 

In explanation of the remarkable mutations of the floral organs displayed 
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hy the Podostemacese, Dr. Willis connects the dorsiventrality of these 
organs with that of the vegetative organs, thus introducing a factor appa* 
rently subversive of all taxonomic principles. There is in his warning of 
the insecurity of the taxonomist’s position an echo of Huxley’s defiant note 
respecting the revolutionizing effect of the evolutionary doctrine on the 
principles of taxonomy and distribution. Dr. Willis wvields the Podostemacese, 
as Huxley wielded the Gentians, in his attack on prevailing principles. In 
the case of Huxley it was concerned with the differentiation of a wide- 
ranging primitive family type, and one can scarcely doubt that he struck a 
true note in his declaration. But it applied only to the second era, the era 
of differentiation, the age of influences still in operation, the age of normality, 
if we may so term it ; and it ought to have a profound effect on the methods 
of the taxonomist and on the principles of distribution. In the case of 
Dr. Willis it is concerned with the abnormal side of plant-life and does not 
really affect the validity of prevailing taxonomic principles. The difference 
is very significant, since, in view of the position taken at the commencement 
of this paper, we can in our day only look in that direction for a clue to the 
influence at work during the first ora in the history of the Angiosperms, 
the age that witnessed the rise of the great families, the age of abnormalities, 
as it may be called. It is in this first era that the Mutation theory will find 
its appropriate field of investigation, and it is here that the principles 
disclosed by Dr. Willis in his prolonged investigations on the Podostemaceos 
wil apply. 

Before proceeding to deal in the two following paragraphs with my 
interpretation of the lessons to be learned from the behaviour of the Podo- 
stemacese and with their application to the first era, I may say that 
Dr. Willis left room for an interpretation of the same kind, but was 
prevented, as he tells me, from entering a domain of pure surmise. 

Postulating for terrestrial plants an era when uniformity in environment 
was the rule—an era, one might imagine, of great atmospheric humidity, 
when persistent cloud-coverings blanketed the glob© and when the same 
equable temperature everywhere prevailed,—the writer pictured a plant- 
organism under such conditions as behaving very much like a ship in a 
calm, drifting in a morphological sense in all directions and displaying 
unchecked and irresponsive variations of the floral organs of a kind very 
disquieting to the taxonomist and all non-adaptive in their nature* He 
came to see that such modifications \\ould become more and more fixed as 
the differentiation of conditions proceeded, the degree of mutability varying 
inversely with the diversification of environment* 

Stated in the language of the mutationist, this would imply that the 
mutations of the floral organs of our own day represent all that remains of 
the capacity for great morphological changes in the early ages of the history 
of the Angiosperms. A mutation as at present recognized is non^^adaptive. 
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Yet it may be adaptive in another sense—namely, in its response to the 
remnant of the conditions of an age long passed away. One might regard 
it as the last kick of the organism in response to what remains of the 
primeval uniformity of conditions, its last effort to break through the ever- 
contracting ring of the diffeientiating agencies. The farther we go back 
the greater is the capacity for mutations and the greater will be the 
mutations; and it is argued that they ought to be more frequent and more 
extensive in plant-groups of large than of small range. A large mutation 
would usually be impossible nowadays except under conditions aj^proaching 
those of the early ages in their uniformity. One would look for some 
approach to those times in the dense forests of trojucal lowlands and in the 
forests of the cloud-belt or rain-zone on tropical mountain^?. 

The ascription of periodicity to mutabilit) by l)o Vries is woW known, 
and appeals to this principle in elucidation of the rapid rise of the Angio- 
sperms in the Cretaceous period have been made ; but tlie question, why 
basic characters so mutable then are stable now, alwa}s remains. The 
position is well put by Harshberger in his great work, ‘The Phytogeo¬ 
graphic Survey of North America,’ p. 173, 1911. “Jf this periodicity of 
mutation (so he writes) is recognized as an evolutionary i)rinciple, we have 
a reasonable explanation for the sudden appearance of so many new forms 
during the Cretaceous period, for during this stage ot the development of 
the vegetable kingdom, through causes yet unknown, the progenitors of the 
existing phanerogams were in a high state of mutability.'’ 

A few remarks may here be made on the relation of the views of distri¬ 
bution here advocated to the Age and Area theory ol‘ Dr. Willis. If one 
for the moment ignores his adoption of the prevailing ])ractice of building 
up a family from the species, there is but little that is essentially inconsistent 
with the differentiation hypothesis. Had he formally associated with his 
Age and Area principle the twin principle of Hank and Range, and all that 
it implies, he could not have avoided coming into line in this mutter. 
Since he extends his views to the larger groups, his Age and Area theory 
is of general application, and his conception of tlie distribution of families, 
apart from his standpoint of their genesis, might very well have been 
acquired in a line of argument favouring the’ views supported in this paper. 
His discussions of the JDilleniaceae, Menispermacea3, and Podostemacea.* are 
cases in point. (See Ann. Roy. Bot. Gard. Peradeniya, 1902, 1907; 
Phil. Trans. Roy. Soc. Lond. 1915 ; Proc. Hoy. Soc. 1914; Ann. Bot. 1915, 
etc.) Thus he connects the origin of these three pantro})ieal families with 
the most primitive and most widely distributed genera—genera that almost 
possess the range of the families. This is differentiation pure and sim})le. 
Then again, though he departs from the principle of differentiation when 
be endeavours to find the original centre of dispersion or home of the 
Dilleniaceic, he comes very near it in the case of the Menispermacese in his 
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inference that tlie primitive genera ‘‘ must have commenced when there was 
still a possibility of reaching both the great land masses ’’ (Phil. Trans. 
ibid* p. 338). This recalls Bentham^s opinion respecting the Compositse, 
that the two hemispheres, the east and the west, must have possessed the 
family at its earliest recognizable stage. 

So, again, when he observes in connection ^ith the Podostemacese and 
Tristichacem that “ the only widespread genera are the non-specialised ones, 
whilst the more specialised the genus, on the whole, the less is its area of 
distribution” (Proc. Roy. Soc. 1914, p. 545), and when he remarks that 
“ the larger the group and the fewer the characters on which it is based, the 
greater the likelihood of its being polyphyletic ”—that is to say, of arising 
independently in localities remote from each other (Ann. .Roy. Bot. Grard. 
Perad. p. 447, 1902)’,—he is expressing the differentiation standpoint. But 
the writer cannot conceive how the principle, often implied in the foregoing 
remarks, that the simpler the form the wider its range, could apply to groups 
that have been built up, as Dr. Willis infers, by the species taking the 
generic step, the genus the tribal step, and the tribe the family step {ibid*). 

But, apart from this, there is a great deal that links together the two 
views of distribution ; yet one may add that whatever view we take of 
distribution, whether that of the Darwinian evolutionist, or that of the 
Mutaiionist, or that of the advocate of pure differentiation, we all get into 
the same dilemma when we handle the laiger groups. If we recjuiie foi 
their development the mutability or instability of the cbaracteis on which 
the taxonomist bases his larger groups, chiuacters that in our own age are 
relatively iminuiable, we cannot look to existing prevailing conditions for 
guidance in the matter. However, Dr, Willis in his account of the 
astounding modifications experienced by the Podostemaceae, under conditions 
described by him as ^‘unique” among plants, offers, as the writer has 
already explained, a way out of the difficulty. 

2'be statistical treatment of Distribution .—If the Differentiation hypothesis 
is valid, we may now ask what we should be justified in expecting from a 
statistical treatment of the main features of plant-distribution. If we listen 
to the stoiy of the early stages in the distribution of the Coinpositac and 
Gentianaceae, as interpreted by Bentham and Huxley, we should expect that 
the larger plant-groups would to a great extent ignore the cleavage of the 
land of the globe into two large masses diverging from the north, and that 
the response made to the existing arrangement of land and sea would 
increase as we go down the differentiating scale, being least for the family 
and greatest for the species. On the other hand, we should expect a 
marked response of the larger plant-groups to the climatic differentiation of 
the latitudinal zones. 

If in onr investigations with the family as our starting-point we disclose a 
method and a system that could not be brought about by a procedure so 
haphazard as that involved in commencing the genetic sequence with the 
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species and ending with the family, then ue shall make an important step 
towards the proper appreciation of the main problems concerned in dis¬ 
tribution. That two such opposite methods should seem possible, as 
beginning in one case with the species and the other with the family, 
and that we should be indifferent to the result, whether it be chaos or 
order, are indications of failure to appreciate what really matters in plant- 
distribution. 

It is by no means urgent to go back to the beginning of things, to account 
for the origin of families or even of species, to seek for centres of dispersion 
or the homes of plant-groups, to upset the world’s geography, or to account 
for progressive evolution. What is urgent is to be able to state the main 
problem, and that cannot be done \\ithout some agreenienf about essentials. 
One cannot help thinking that if a hundred students of distribution were 
asked to do this, they would vie a tin* subject from such a variety of 
standpoints that the task of finding a common ha'^is of agreement would 
1)(* exceedingly difficult. The claim of the family for priority of treatment, 
which is supported in this paper, is founded on what Bentham terms in the 
case of the Oornpositm the j)ermaiienee of its characters. The very per¬ 
sistence of the family lies in the fact that these characters make little or no 
response to the extreme variations of existing conditions; and it is with the 
object of emphasizing its suitability for serving as a common ground of 
agreement that these pages have been written. 

The response of the families to the bi^eleavaoe of the laniUmass of the 
globe ,—It is a remarkable fact that whilst the families of the Angiosporms 
respond in a marked degree to the differentiation of the climatic zones, they 
largely ignore the cleavage of the land into two great masses diverging from 
the north. Of the 272 families recognized in Engler’s system 1D2, or 
70*5 per cent., occur in both the eastern and western hemispheres (Tables L, 
II., III.), It would almost appear, as far as their occurrence in both 
hemispheres ivS concerned, that the general distribution of the families over 
the globe would not have been very different if all the land hud been one 
continuous little-divided mass. 

It may, however, be objected that this community of families between the 
Old and the New World may he mainly restricted to those most at home in 
the colder latitudes of the north where the American and Eurasian land- 
masses approach each other. If this were so, there would he hut little force 
in the above contention that the family largely ignores the bi-cleavage of the 
land. But a glance at the columns of Table III. will convince one that this 
behaviour of the family is just as characteristic of the warm equatorial 
regions as it is of the colder northern regions. There are 120 families 
restricted to tropical and sub-tropical latitudes. Of these 73, or 61 per cent., 
are found in both the eastern and western worlds. There are 52 families 
that are only at home in extra-tropical regions. After removing those 
Qonfined to the southern hemisphere, there remain 36, of which 23, or 64 per 
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iMtiiji oGonr in both the Old and New Worlds. We obtain similar indioa^ 
iSons by also introducing the element of those families that are mainly, 
i&ongh not exclusively, either tropical or temperate. Thus, by extending 
method employed in Tables IV. and V., we arrive at the conclusion that 
whilst 69 per cent, of the families that are mainly or exclnsively tropical 
(158 in all) occur in both the Old and New Worlds, the proportion for 
families exclusively or mainly extra-tropical in the northern hemisphere 
(62 in all) is 77 per cent, (consult note at end of the paper). Under the 
circumstances the difference is small, and there is little to support the 
objection that the families common to the east and the west gather in high 
tiorthern latitudes. But it would have been enough to point out that there 
is little room for such an objection in view of the fact that the proportion of 
tropical families that are common to the eastern and westeim worlds (69 per 
cent.) is very close to the proportion obtained for the families of the Angio- 
sperms in the mass (70 per cent.). 

The question whether the connection by families between the Old and the 
New World is chiefly a problem of the cold regions of the north, where 
the great American and Eurasian laud-masses converge, is sufficiently 
answered by the behaviour of the seven teirestrial sub-families of the 
Aracese. All of them occur in both the eastern and the western world**, yet 
four of them are exclusively tropical, two are distributed in both the tropical 
and the temperate zones, and only one (CalloidesB) is restricted to cold 
northern latitudes. This last seems to be the only one of the seven sub¬ 
families that holds species common to the east and the west. 

We have now raised a very interesting point. Although the families 
common to the tv^o worlds do not gather in the north, the species behave in 
a very different fashion. It is there that the species common to the oast 
and the west mostly congregate. Thus Harshberger states that of the 364 
species of phanerogamic plants found in arctic western Ameiica, 320, or 
about 87 per cent., occur in temperate and arctic Asia ; while of the 379 
species in aictic east America, 239^ or 63 per cent., are also found in the 
arctic regions of Europe (‘ Phytogeographic Survey of North America,' 
pp. 311, 312; 1911). The community of species rapidly diminishes as we 
leave the north behind until we reach the tropics, where with the exception 
of a few littoral, aquatic, and marsh plants, it disappears altogether, or is 
only represented by a few plants, some of them not free from suspicion as 
regards man's agency. 

When we have two oomplemental families like the Myrsinacem and 
the Primulacem, the first tropical and the second temperate, it is the 
temperate family that alone displays a community of species between 
the two hemispheres. 

The manner in which the proportion of species held in common dwindles 
as we go sontb is well illustrated by Canns. In the author's recent book on 
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th«> West Indies he has shown that the proportion of species which North 
America holds in common with Eurasia is 93 per cent, in the arctic regions, 
40 per cent, in the sub-arctic regions, 24 per cent, in temperate latitudes, 
and 11 per cent, in the soutliern portion of the continent. If we take the 
total Career floras of the eastern and western worlds in the northern hemi¬ 
sphere, we find that 80 per cent, of the species held in common are arctic, 
29 per cent, sub-arctic, and 11 per cent, temperate. There are about 
150 species common to North America and Eurasia, and of these two-thirds 
are arctic and sub-arctic species. 

I am not able here to deal fully with the distribution of genera from this 
standpoint, but it cannot bo doubted that the behaviour of genera common to 
both the eastern and western A\or]ds will be intermediate between that of 
the species and families similarly distributed. This is established below in 
an analysis I have made of the list of the chief genera of the Angiosperms 
(about 3150) that is given by Dr. Willis in his ‘Flowering Plants and 
Ferns,’ 1908. 

It has already been shown that whilst 69 per cent, of the families that 
are exclusively or mainly tropical (the subtropical regions being here 
included) occur in both the Old and the New Worlds, the proportion for 
families that are exclusively or mainly extratiepical in the northern hemi¬ 
sphere is 77 per cent. On the other hand, with the genera that are mainly 
or exclusively tropical the proportion found in both worlds is only 23 per 
cent. (408 out of 1781), whilst with those mainly or exclusively restricted 
to regions beyond the tropics in the northern hemisphere the proportion 
is 42 per cent. (437 out of 1045). The genera, therefore, are in their 
behaviour intermediate between the families and the species. Whilst with 
the species nearly all (80-90 per cent.) of those common to the eastern and 
western worlds gather in the high latitudes of the north, with the Jamilies 
there is but a small tendency in this direction, and reasons lia\e been before 
given for the belief that this tendency is even smaller than is above indicated. 
With the genera the proportions common to both worlds would be, as before 
noted, 23 per cent, for the tropics and 42 per cent, for the cooler latitudes of 
the north, and my figures suggest that north of the warm temperate region 
it would be at least 50 per cent. 

Rightly interpreted, there should be a great significance in the principle 
that the tendency to congregate in the north on the part of plants repre¬ 
sented in the eastern and western hemispheres is greatest and well marked 
with the species and least or non-existent with the family. The connections 
in the north belong to the later stages of the differentiating process, whilst 
the disconnections of the south date back to remote antiquity. One would 
have imagined that during the long ages that have passed the ocean-parted 
eastern and western worlds would have possessed scarcely a family in 
oommon, except in the north. Yet, as already shown, 69 or 70 per cent, 
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' fiw exolasively and mainly tropical familieb aie oommou pioperty o{ the 
Old and the Neir Worlds. All the influences that have heen in operation 
ill a differentiating world daring an incalcnlable period of time have in a 
general sense not materially defaced the piimitive family tjpe^ and the 
wonder is not that the differentiating agencies have done so uinch bat that 
in this respect they have effected so little. 

Yet, as we have seen, about 30 per cent, of the families do respond to 
the bi-cleavage of the land represented in the American and Eurasian 
hemispheres. (This applies, of course, only to the families in the mass, the 
proportion, as shown in a note to Table III., being much smaller, if we 
regard only the principal families.) But the differentiation, or the break-up, 
of the original family-type has proceeded far more rapidly in the New than 
in the Old World. In its development of new families the westein hemi¬ 
sphere displays for its size nearly twice the capacity that is exhibited by 
the eastein hemisphere. Of the eighty residual families that are lestricted 
either to one hemisphere or to the other (see Tables I., II.), one would 
have expected the Old World to possess by far the greater number, since 
the land-areas of the two hemispheres stand to each other in proportions 
exceeding two to one (O.W. 35; N.W 15; based on data given in 
Whitaker’s Almanack, 1917, p. 101, the polar regions being excluded, 
Australia being included in the Old World). But, to one’s surprise, the 
difference in the number of families peculiar to each is relatively small, 
45 being appropriated by the eastern and 35 by the western hemisphere. 
There will subsequently be occasion to mention this point again in associa¬ 
tion with ariother remarkable contrast presented by the New World with 
regard to the Old World. 

[One may take this opportunity to observe that the excess in families in 
proportion to its area held exclusively by the New World is apparently not 
exhibited to the same degree by the genera. Of the 3150 genera of the 
Angiosperms named by Willis in his ‘Flowering Plants and Ferns’ (1908), 
the Old World appropiiates 47 per cent, and the New World 25 per cent., 
about 28 per cent, being held in common. Of 529 genera belonging to 
42 families dealt with in the ‘Pflanzenreich’ series, 51 per cent, are peculiar 
to the Old World, 32 per cent, to the New World, and 17 per cent, are 
common to both. The difference between the two worlds with regard to 
their peculiar families and genera may be thus expressed. With the 
families the difference would be as 9 (O.W.) to 7 (N.W), but with the 
genera as 9 (O.W.) to 5 (N.W.).] 

We have already observed that as many as 70 per cent, of the families do 
net respond to the great bi-oleavage of the land-surface of the globe, 
distributed as they are in both the eastern and western hemispheres. The 
response becomes greater and greater as we proceed down the scale from 
the family to the species. Thus the proportions common tb the two 
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hemispheres are about 56 por cent, for the tribes, less than 20 per cent, 
for the genera, and about 1 per cent, for the species. As indicated in the 
table of results (Table T.), this subject has only been sampled for the tribes, 
genera, and species; but reference should there bo made to the accompanying 
explanatory remarks. Yet the consistency in the results leaves no doubt 
that the general beliaviour of the tribe, the genus, and the species is correctly 
illustrated in the above percentages. Here we perceive that the connection 
between the Old and the New Worlds is greatest with the family, less with 
the tribe, smaller still with the genus, and least with the species. Such a 
result is in perfect accord with what we should expect from the successive 
differentiations of a world-ranging family-type into tribe, genus, and species, 
the range contracting as one goes down the scale. The effect of the opposite 
method of regarding the species as diverging into the genus, the genus into 
the tribe, and the tribe into the family would be chaos. 

But although 70 per cent, of the families occur in both worlds they 
represent in very different degrees the community in families between the 
east and the west. For instance, the original distribution of the generalized 
family-type in both worlds would be best exemplified now by a family of 
which all the tribes belong to both hemispheres. At the other extreme the 
connection implied by the community in families between the Old and 
the New World would bo near its breaking-point in a family where no 
tribes were the common property of both hemispheres, and where most of 
the tribes were gathered together in one of them. The possibility thus 
presents itself of constructing a scale representing the curious stages of 
detachment from a botli-world distribution. Taking an imaginary family 
holding thirteen tribes the writer has framed such a scale, the first grade 
claiming the families where all, or nearly all, the tribes are common to both 
worlds, the complete deiachinent being illustrated in the eighth or last 
grade, where all the tribes are restricted to one and the same hemisphere. 
Such a grading of families would raise many difficulties, some of which 
ought not to prove insurmountable for the differentiation hypothesis. It is 
not possible, however, to do much more than draw attention to this method 
here. It will be sufficient to mention that the Oompositse, the Aracese, and 
the Betulacese representing, respectively, the cosmopolitan, the tropical, 
and the temperate families, would find their place in the first grade. J^ut 
the anomalies of this sort that are displayed in framing such a scale are in 
themselves instructive; and it is to be doubted whether a much more 
effective plan could be «levi«ed to illustrate the unequal value of families 
and to emphasize the necessity of grouping all families under a few great 
alliances. For instance, the Scitaminese are represented in this scale by 
four families, the Marantaceee, the Zingiberacere, the Musacese, and the 
Oannaoese, which are scattered tip and down its grades. ITrom the stand- 
.lOURN. — BOTANY, VOL. XLIV, 2 V 
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oE tbe diflferentiation theory its place would obviously be in the first 
grade, together with the Compositje and the Aracece. 

Having shown that the response to the cleavage of the land into two main 
"masses, diverging from the north polar regions, increases with the Angio- 
sperins as Be go down the differentiating scale from the family to the 
species, being small with the familj" and very pronounced with the species, 
we will for a moment direct our attention to the behaviour of the great 
groups, or the cohorts, that lie immediately behind the families. As might 
have been expected, the response is even less than uith the families. With 
the families about 70 per cent, ignore the cleavage. With the cohorts, on 
the other hand, 01 per cent., or tl out of 45, are represented in both the 
eastern and western worlds (Table T.). It is noteworthy that tbe four 
cohorts that are exceptions to the rule hold in each case only a single family, 
the Cyclanthaceas, the Leitneriacese, the Casuarinacose, and tlie Balnno- 
psidaceae, all of them tropical, the first two belonging to the New AVoild and 
the last two to the Old World. They are all small anomalous families which 
have puzzled the systematist in his endeavours to place them. Together 
they represent the flotsam and jetsam of an e\er-differontiating plant-world. 

The response of the families to the differentiation of the climatic zones,’^ 
Although the families of the Angiospenns make a relatnely small response 
to tbe bi-cleavage of the land-suiface of tlie globe, their belia\iour under 
the stress of climatic differentiation has been %eiy diffeient. From tbe 
tables (IV. and V,) it will be seen that nearly 60 per cent, of them are 
exclusively or mainly tropical, about 30 per cent, exclusively or mainly 
temperate, and about 10 per cent, fairly divided between the tiopical and 
the temperate zones, all the regions outside the sub-tropics being regarded as 
temperate. Since tbe differentiation theory postulates an earlj age. in tbe 
history of the Angiosperms when piimitive generalized types langed 
the globe and uniform climatic conditions prevailed, the later ages being 
occupied with the differentiation of tjpes in iespouse to the diversification 
of climate, it follows that the results for families above given represent a 
particular stage in the detachment or individualization of temperate floras. 

When we look to the future and ask ourselves what will be the ultimate 
result of this gradual detachment of the temperate from the tropical floras, 
we shall be obliged to confess that there is little moie to expect now. We 
might have looked far ahead to an age when the tropical and temperate 
floras vtonld be sharply difleientiated, an age when the world would be held 
by complemental families representing the independent expiession of tropical 
and temperate conditions on the same type. But the influence of climatic 
differentiation is largely played out. Nature in the development of new 
forms seems to have mainly exhausted her efforts during the Upper 
Cretfoeous period. That which has happened since has been prindpaHy 
tbo eflSeotof the differentiation of ancient types in response to the progressive 
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diversification of conditions, and all wo have to look for is the assertion of 
man^s predominance in his replacement of natural floras by his cultivat( 3 d 
plants and his weeds. The time for revolutions in the plant-world was 
spent geological ages ago ; and Nature in her present operations can offer 
us but little aid in unravelling the revolutionary past. 

The subject of the detachment of the temperate from the tropical floras 
during the ages through which the differentiating influences have reigned 
supreme, brings up the question of the complemental families, those w^hicli, 
although now ranked as distinct families in the tropical and temperate 
zones, are so closely linked together that they may be regarded as the result 
of the differentiation of the same* world-ranging family-type. Thus we may 
view the Primulacejc in the temperate regions and the Myrsinacene in the 
tropics as compleinentnl to each other and as representing the first step 
in the differentiation of a common parent type. In the same way and 
with the same implications ^^e may link the Umhelliferfc (tempenite) with 
the Araliacea) (iropical), and the (flienopodiacea3 (lemperatcq with the 
Amarantacefc (tropical). 

But the effect of the secular difioreiitiation of climatic conditions and 
of the individualization of the temperate zones has not always been the 
development of a world-ranging type into separate tropical and temperate 
families. Some, like the Conipositse, have, as far as the retention of family 
characters is concerned, defied the ditterentiating agencies. In yielding to 
the exigencies of the diflerentiation of climates, though still holding the 
world, they have retained in this case the essential characters of the family, 
on the absolute permanence of which, in the case of the C/omposilse, Bentham 
lays stress. Others like the Scitaminese are still confined to their original 
home in the equatorial regions of the globe, having failed to adapt themselves 
to the newly differentiated temperate zones. They have given rise to 
separate sub-families, often ranked as families, in the diflferent warm regions 
of the globe, but in no sense as the result of the secular diversification of 

climate. ^ 

We have remarked that the work of the differentiation of floras is largely 
spent, as far as climatic influences are concerned. Yet, great as this work 
has been, we are, as the writer thinks, not justified in regarding it from any 
other standpoint than that of adaptivity. It is not the work that was 
carried on in those remote Mesozoic ages when the larger plant-groups, now 
represented by the alliances of families and by the cosmopolitan and pan- 
tropical families, were first developed. The characters that distinguished 
them then distinguish them now, and as far as their essential characters are 
concerned they have made but little response to the great climatic differen- 
tiution of the ages. The rise of the Xerophytes presents one of the most 
important and far-reaching results in the story of distribution and differen¬ 
tiation, Yet they are of the later and not of the earlier age; and it is 
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wliether any tmly nalural family comparable with the giNefat 
has been developed through the changes inducing the xerophytio 
organization. They might disguise them, as in the case of the Caotaoeas 
(uad of some of the Euphorbiacea?; but the essential floral characters were 
produced in pre-xerophytic times. A family in its truest sense is born and 
not made. 

It may here be added that the process of detachment of temperate families 
from the tropics has not been uniform in the two hemispheres, the east and 
the west, the tendency to the differentiation or detachment of temperate 
families in the Old World being far more maiked than in the case of the 
New World. Thus, with the exclusively Old World families 44 per cent., 
or 20 out of 45, are restricted to the tropics, using that term as including 
the sub-tropics ; whilst with the exclusively New World families the pro¬ 
portion is as higli as 77 per cent., or 27 out of 35 (Table III.). Thus it 
also appears that the tropics of the American continents actually possess a 
greater number of peculiar families than those of the Old World. This 
feature of American plant-distribution is to be associated with another 
feature, already alluded to and illustrated in the same table, the New World 
in its entirety owning nearly as many peculiar or endemic families as the 
Old World, 35 against 45, though barely half its size. In the Now World, 
therefore, theie has been not merely a greater development of families, but 
a greater segregation of such families within the tropics. In other words, 
although the process of detachment of temperate families fiom the tropics 
has been far less effective in the New World than in the Old World, tlie 
differentiation of new families in the American tropics has been far greater. 
This is one of the lessons supplied by the western hemisphere when treated 
statistically from the standpoint of the differentiation hypothesis. [Keference 
has before been made to the contrast in behaviour of the genera in one of 
these respects.] 

Before quitting the subject of the influence of the differentiation of the 
climatic zones on the development of the families, a few remarks may be 
devoted to the numerical distribution of the families of the Angiosperms 
in the north and south hemispheres, which is illustrated in Tables VIII,, 
IX., X. The matter cannot be discussed at any length here ; but it may be 
observed that the numerioal apportionment is much as though the land-ureas 
in the two hemispheres were approximately the same in extent. Yet within 
the limits of vegetation there most be at least 2^ times as much land in the 
northern as there is in the southern hemisphere. The differentiation of 
families has thus been far more active in tbe south than in the north, a 
result that might be attributed to the much greater isolation of the southern 
land-masses. 

The fae^ plant-froupt behind the familie *.—^We have already dealt with 
the e^rts in connection with the Emilies, and it has been shown th»t 
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far as the principle of difterenttatioii is concerned they behaye conformably 
with their position in the differentiating scale just above the families. 
Before one proceeds to deal statistically with the large groups of the Angio- 
sperms that lie behind the cohorts, a word may be said regarding the needs 
of the differentiation hypothesis in this res])ect. Between the 45 cohorts 
and the two clas&es of the Monocotyledons and Dicotyledons, there is a con¬ 
siderable break or gap in the differentiating scale, which cannot be very 
satisfactorily bridged over by dividing up the Dicotyledons in a few groups 
as is done below. The advocate of the differentiation theory, and the writer 
ventures to think that his need is ah-^o that of the systomatist, requires an 
intermediate group holding about a score or two dozen groat alliances, each 
of them cosmo])olitan or pantrojnoal, and all families of restricted range will 
have to be reduced to tonus of an alliance. Here geographical considera¬ 
tions would be foremost, and the compleniental families as above described 
would take a proininent jjart in buihling up an alliance wdiicli would either 
possess the tropics or hold the world, the pantropical and cosmopolitan 
alliances being regarded as of equal value, notwithstanding the failure of the 
first-named to respond to the differentiation of the temperate zone. The 
object would be to restore the original world-ranging generalized types ; 
and if the number of such great alliances ^hould exceed the limits above 
named, they woubl servo to displace the cohorts which could then be very 
well dispensed will). One would commend the use of familiar designations 
for all the alliances, such as Ooinpositae, Rubiaceae, Ericales, Leguminosa\ 
Scitamineae, Aroideae, Palma?, etc. But in restoring the original type in the 
shape of an alliance wo should give it the name of the troi)ical parent form 
where a cosmopolitan alliance is concerned. Any names like Geraniales 
and Primulales that w^ould ««eem to credit the alliance with an origin in the 
temperate zones should give place to the name of the okhjr tropical forms. 

The Monoeotyledous and Dicotyledons .—Notwithstanding the great disparity 
in the number of families they hold (Monocotyledons 43, Dicotyledons 229), 
some interesting comparisons can be made. In the first place, it will be 
worth while ascertaining how they stand to each other with reference to the 
proportion of families occurring in both hemispheres, tlje east and the west. 
They differ but little in this respect, since the proportion is 76*8 per cent, 
for the Monocotyledons and 69*4 per cent, for the Dicotyledons (Table II.). 
This approximation exists in spite of the circumstance that 30 per cent, of 
the Monocotyledonous families are aquatic or sub-aquatic (Table V.), Of 
the 272 families of the Angiosperms 26 are aquatic or sub-aquatic, and 
of these half (13) are Monocotyledons. It would therefore appear that as 
regards the occurrence of a family in both the Old and the New Worlds 
it behaves the same, whether monocotyledonous or dicotyledonous, or 
whether aquatic or terrestrial in habit. This independence of the proportion 
of aquatic plants is also displayed, as will subsequently be shown, by the 
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ikiibdlivi$ions of i;he Dicolyledons witli respect to this feature in distribution. 
%mpetalse and Monocotyledons are distributed in the same proportions in 
both worlds, as respects their families, although the first holds only 2 per 
cent, of aquatic families and the second as much as 30 per cent. Yet it is 
true that the largo proportion of aquatic families exeicises an influence in 
determining the distribution of Monocotyledons ; bur, as is established below, 
that infiuence is mainly concerned in curtailing their latitudinal extension 
and affects but slightly, as already shown, their response to the bi-cleavage 
of the land, as indicated by the proportion of families existing in both 
hemispheres. 

Although the Monocotyledons and the Dicotyledons are at one in the 
similar responses of their families to the great c]ea^ago ot the land, they 
differ much in the responses made by their families to the differentiation of 
the latitudinal climatic zones. Whilst, as shown in Tables IV. and V., both 
classes hold about the same proportion of exclusively or mainly tropical 
families, 58 and 59 per cent, respectively, yet in the case of the Dicotyledons 
nearly all of the residue are either mainly or exchiHvely temperate, while 
with the Monocotyledons tvio-thirdN of the remainder are fairly well shared 
between the tropical and temperate zone®. It is thus evident that as regaids 
the differentiation or separation of temperate floras from the original tropical 
floras, the Dicotyledons are in a much more advanced stage than the Mono¬ 
cotyledons. The equal sharing between the tropical and temperate zones of 
a family originally tropical represents the first stage in the detachment of a 
temperate family. The appropriation of a family by the temperate zones 
repi^sents the last stage in the detachment of a family from its original 
abode in the tropics. This last stage has been attained by 21 per cent, of 
the families of the Dicotyledons and by only 7 per cent, of those of the 
Monocotyledons (Tables IV., V.), the last-named having lagged behind the 
Dicotyledons to a marked degree as regards the differentiation or detachment 
of temperate floras. The contrast may be stated in another way. Thus, 
whilst 34 per cent, of the families of the Dicotyledons are either temperate 
or mainly temperate, the proportion tor the Monocotyledons is only 14 per 
cent. This may be due to the greater prevalence of aquatic families among 
the Monocotyledons. Here the pj ©portion is as much as 30 per cent., that 
for the Dicotyledons being under 6 per cent. (Table V.). The explanation 
would be that aquatic conditions present a much smaller conttast between 
the temperate and tropical zones than is offered by those of land plants. 

The conclmione to be dra^n from the behaviour of the great plant^groups of 
tlue Angioepermn. —^Although the present arrangement of the main land- 
masses and of the oceans is largely ignored by the great plant-groups, the 
response becomes more and more evident as we go down the differentiating 
scale. Jt goes without saying that in whatever way we spHt up the Diooty- 
ledottSB whether in two or three or four groups, all the primary groups of 
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the Angiosperms, coimiiencing with the Monocotyledons and ending with 
the Syinpetala), take no heed of the present distribution of land and Water. 
But there is a slight response for the cohorts, 9 per cent, of them being 
restricted to either the New or the Old World. Of the families 30 per 
cent., of the tribes about 44 j)er cent., of the genera at least 80 per cent., 
and of the species about 99 per cent, respond to the cleavage of the land 
into two main masses diverging from the north polar regions (Table I.). 

This contrast in the behaviour of the larger and lesser plant-groups implies 
a very great contrast in geographical and climatic conditions. There would 
seem to have been a pre-differentiation era that corresponded with geo¬ 
graphical and climatic conditions very different from those that now' prevail. 
At that time generalized types ranged the globe and the conditions wore 
far more uniform than at present. It was an age, we imagine, when floral 
mutations were relatively unchecked. After that era the age of differen¬ 
tiating conditions began, tlie effect of the progressive differentiation of 
conditions being to restrict more and more the play of mutation in the case 
of the floral organs, so that in our age the capacity is rarely exercised. In 
the pre-differentiation era the generalized type had the whole earth for its 
range and uniformity of conditions for its ‘‘mi'^e-en sccne,” a setting that 
was destroyed when climate began to individualize. During such an era 
reigned other things, other w^ays, and other conditions. 

If we were to draw a line dividing this distant era from the succeeding 
ages of differentiation, we should draw it just below the great family groups 
as illustrated by the Oompositse and the Araceie; and if we were to contrast 
the geograj)liical conditions, we should point to the fact that whilst the 
family and the groups behind it or above it mainly or entirely ignore 
the existing arrangement of land and sea, the genus and the species are in a 
sense the offspring of it. Distribution in the distant ])asb was chiefly a story 
of generalized family types. In the later ages it has been principally a 
story of the genus and the species and of adaptive response to tho progressive 
differentiation of conditions. The failure of the larger plant-groups to 
respond to the great bi-cleavage of the land-mass and their subsequent 
ready response to climatic differentiation mark out the two great eras—the 
pre-differentiation age and the age of differentiation that followed. 

What is earliest in distribution belongs to the family and the large groui)8 
behind it. What is recent belongs to tlie genus and the species. To employ 
the terms genus ” and “ species ” when speaking of an age different in 
almost every respect from the present one is to muddy the waters, or, 
rather, to confuse the issues. Such a habit assumes that the present is like 
the past, that wo can picture what has been from what is. Yet to think 
only in terms of genera and species is to ignore the better half of the story 
of the development of the plant-world. The age that witnessed the ri.^e of 
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yIui greftt families and the age that witnessed tlieir suliseqnent differeaiutioa 
am apart, and cannot be dealt with by the same method. 

Xf one were asked bow such a view of distribniion oonld be reocmciied with 
lUtat of the animal world, one might reply that since plants and animals 
Imve been developed on quite different plans, the plant requires an applica¬ 
tion of the Darwinian theory of evolution, in ahich this distinction is 
recognized. In the one case development has centred around provisions 
for securing the continuance ot the like. In the other it has been concen¬ 
trated on the pioduction of a higher order of beings culminating in Man. 
The first secured, the second became possible. 


iVbts on tke aiih-dtvmont of the Ihcot^ledoia. 

In order to make a further statistical eompaii><on of the Dicot) ledons 
with the Monocotyledons, the number of families in the first being 
according to Engler’s system more than five times tho^e of the second, 
the Archichlamydese have been broken np into four groups, making with 
the SympetalsB five groups for the class. For this purpose the s).,tem of 
Engler was preferred, since a scale of development is implied in the 
arrangement adopted ; whilst with that of Bentham and Hooker the placing 
of more than a fifth of the families there recognized in the Inoompletss 
makes a linear classification impracticable. Yet it was the Tncompletoi that 
led the writer to pay attention to thii nuttei, with the result that the group 
viewed from this standpoint appears to be very tar from an anomalous 
group. On the contrary, when treated statistically it proves to be the most 
typic.il, as far as percentages are concerned, of all the groups of the 
Dicotyledons, 

Assuming that the series—Monocotyledons, Archichlamydese, Sympetalro 
—represents a scale of plant-development and that the same is indicated in 
the arrangement of the groups of families of the Archichlam) dem, the writer 
broke up the last-named into four groups and obtained the following 
succession;— 


Monoootyledoas, holding 48 fonulies 

rUroop A. Cohorts 1-14 with 37 families 


j Archiohlamydess < 

I 


1? 

„ 15-18 


41 

ft 

„ c. 

„ 19-21 


42 

ft 

„ D. 

„ 22-26 

tf 

56 

ft 


( Sympeitto, holding SI families. 

Group A includes 29 of the 37 families in Monocblainydese or Inoompletse 
of Bentham and Hooker. Gronp B comprises the cohorts Banales, 
BbceAdklea, Sarraceniales, and Rosales; Group (3, the cohorts Geraniales, 
Sapiudales, and Rhamnales ; and Group D, the cohorts Malvales, Parietales, 
Opnntiales, Myrtiflorw, and Umbelliflorse. 

Together here we have six groups which we will term the Primariejti, and 
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in order to give point to their statistical treatment we will assume the truth 
of the implication of Bugler’s system that they represent a genetic sequence 
commencing with the Monocotyledons and terminating with the Sympetalm. 
It would have been possible to discuss this matter at considerable length; 
but as the treatment is purely tentative a few general remarks will be here 
sufficient, and the columns of the tables (II., IV.-VIIl.) will be allowed 
largely to tell their own story. 

It will be at once noticed that whilst the six primary groups of the 
Angiosperms behave with comparative uniformity in matters concerned 
with the bi-cleavage of the hind-mass, as reflected iii tlieir distribution 
in the Old and New World**, they often present mark(ul contrast in their 
responses to the difierentLition of the climatic zones. Tim**, to take their 
beha>iour in the first case, the propoitions of families occurring in both the 
east and uest hemi**pheres ^ar} onl) iietween (>2 and 77 percent. (Table II.) ; 
and if we limit the comparison to the families of world-wide distribution, 
termed cosmopolitan in the table, the percentages range only between 
21 and 33 (Table VIL). We find a like agreement in the proportion 
of families confined either to the Old or to the New World. Thus, the 
percentage of families restricted to the eastern hemisphere varies only 
between 12 and 24 and of those peculiai to the western world only between 
11 and 14 (Table ll.). This conformity is remarkable when we leflect that 
in small groups of this kind we can only appreciate general approximations 
or marked de\iations. The similarity in behaviour on the part of the six 
primary groups respecting tlie distribution of their families in the eastern 
and western hemi'spheres is quite independent of the proportion of aquatic 
and sub-aquatic families in each group, which is as high as 30 per cent, for 
the Monocotyledons and as low as 2 per cent, for the Sympetalaj (Table V.). 

Yet this similarity in behaviour disappears when we regard the response 
made by these six primary groups to the differentiation of the climatic zones. 
As indicated in Table V., they display^ great variety in the appropriation of 
their families by the tropical and temperate zones. Thus Groups C and D 
of the Archicljlamydese are the most tropical; and Group B and the 
Sympetalse are the least tropical; whilst the Monocotyledons and Group A 
stand between. On the other hand, the Monocotyledons are by far the least 
temperate of all the groups, which is to be associated with the fact that 
a much larger proportion of the families are in a transition state—that is, are 
equally divided between the zones—than is the case with the other groups. 
Then again Group A is in these respects the most average of the six 
primary groups, approaching nearest in its behaviour to that of the 
Bicotyledons in the mass and nearer still to that of the Angiosperms. It 
comes closest to the Incomplete? of Bentbam and Hooker, a result to be 
expected since the two equal-sized groups hold about two4hirds of their 
families in common ; whilst the group of the Incomplete? in its response to 
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differentiation of the climatic aone is the most typical of all, making a 
i^ear approach to the Dicotyledons in their entirety and the nearest of al! to 
the Angiosperms in the mass (Table V,). 

''Comparison may now be made between the Monocotyledons and the 
iSympetalse as representing the extremes of the series constituted by the six 
primary groups. It has been shown in an earlier |)age that with regard to 
the detachment or differentiation of temperate floras from the original 
tropical flora the Dicotyledons are far in advance of the Monocotyledons. 
But, as indicated in the columns of Table V., the five groups of the 
Dicotyledons exhibit considerable divergencies in their behaviour in this 
respect; and it is not poasible to construct a series with the Monocotyledons 
and the Sympetalse at the extremes. Yet in view of the position of these 
two groups at the extremes of the series accepted by some systematists, 
a brief comparison may be profitable. The escape of the Sympetalae from 
the tropics, as contrasted with the lagging behind of the Monocotyledon*^, is 
illustrated in different fashions in the columns of Tables IV., Y., and VII. 
Nearly all the tropical families of the group last named, that is 23 out of 25, 
are exclusively tropical. With the Sympetahe only 14 out of the 25 
tropical families are exclusively tropical. Then, again, whilst 12 out of the 
43 families of the Monocotyledons are fairly well shaied between the tropical 
and temperate zones, with the Wympetalfe the number of tamilies shared is 
4 out of 51, or only about 8 per cent. The bulk of the non-tropical families of 
the Monocotyledons are in fact in the transition state. With the S)mpetaJa 3 
the non-tropical families have in most cases reached a fuither stage and 
are more or less completely detached Iroui the tropics. Whilst with the 
Monocotyledons the families exclusively tropical amount to 53 per cent, 
and those exclusively or mainly temperate to only 14 per cent., with the 
Hympetulss only about 27 per cent, of the families are confined to tropical 
regions and as many as 43 or 44 per cent, are exclusixely or mainly 
temperate. A possible explanation of the contrast in behaviour betw^een 
these two groups is supplied in the great predaminunce of families of 
aquatic habit in the Monocotyledons (see Table V.); but this is a matter 
discussed in the following note. 

JS^ote on th influence of aquatic and sub^aquatic /amilies on the distribution 

of the Angiosperms. 

The apportionment of the families of aquatic liabit between the larger 
groups of the Angiosperms and their distribution over the eastern and 
western hemispheres are illustrated in Tables V. and VI, Of the 26 aquatic 
families recognized by the writer, 13, or half, aie appropriated by the 
Monocotyledons, 12 belong U> the Archichlamydese, and only 1 to the 
SympetelsOi namely the tientlbulariacea. It has been shown that it makes 
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bufc little diiference in the distribution of the larger family-groups in the 
eastern and western hemispheres whether they hold many or few aquatic 
families Thus the Monocotyledons holding 30 per cent, of these families 
and the Sympetahe holding only 2 per cent, are distributed in the same 
proportion over the Old and New World<», in each case about 77 per cent, of 
their families being common to the two hemispheres (Table II.). The 
aquatic families are therefore quite neutral in their influence on the general 
response of the Angiosperms to the great bi-cleavage of the land-mass of 
the globe. 

On the other hand, they sometimes seem to have a marked influence on 
the response made by families to the differenti«ition of the climatic zones. 
Thus, as shown in the j)revious note, the Monocotyledons lag behind the 
Bympetalffi to a marked degree in the detachment of temperate families from 
the tropics ; and the implication is that since the former hold as many as 
30 per cent, of aquatic families and the latter as tew as 2 per cent., the 
influence of the aquatic habit in checking the process of difleientiation 
is displayed in the diminution of the climatic contra^ between the 
tropical and temperate zones. Yet, although this may snfticiently 
explain the lagging of the Monocotyledons in the tropics as com})ared 
with the Sjunpetahc, it will not explain why amongst the primary groups 
of the Archichlamydea^ those that are most tropical, like (* and D, hold 
the smallest number of aquatic families (Table V.). 


Sote on the relative proportions of hotk-worhV\fami1ie,s hi the tropics and in 
the e.vtra^tropical regions of the northern hemisphere. 

The statement on page 447 that 61 percent, of tropical families and 64 j)er 
cent, of northern extra-tropical families occur in both the Old and the 
New Worlds is based on data given in Table III. Here we are concerned 
with families purely tropical and purely noithern extra-tropical. But for 
the statement that follows it the data are only partially supplied in the 
Tables, as in IV., V,, etc. It is there asserted that 69 per cent, of 
exclusively or mainly tropical families and 77 per cent, of exclusively or 
mainly extra-tropical families in the northern hemisphere aie found in both 
the Old and the New Worlds. But to obtain these results it was necessary 
to eliminate the southern extra-tropical elements ; and to avoid the necessity 
of giving another complicated set of tables 1 have here given the data on 
which this assertion is based. They are as follows :— 

The total of 153 exclusively or mainly tropical families is made up of 120 
exclusively tropical and of 33 tropical and north tempeiate families but 
mainly tropicaU (In these connections it should be staged that the tiopics 
include the subtropics and the north temperate all the northern extra-tropical 
regions#) Of the exclusively tropical 73 and of the mainly tropical all occur 
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Ifljilliijr or oxe)o«iv«l.y k<^kiil IkutiSiw. ^ ^9 par <jM)t; 
ili« M»l of 62 fftioiUes otsolotavely or minly extm«lra|>ies»l io tbo 
|iii1l«ra iiemispbere it mtuie t||» o^ 36 oxclaMvely noHih iooifMffftto An4 
^ dortb tainpomte aad tropical bnt maiidy twHh tewperat*. Of the 
aftdloelvel} north temperate 33* and of the mainly north temperate families 
exist in both the Old and the I?ew 'Worlds. This jg^ives a total of 
43 both'Vrorld families out of a total of 62 northern extra>tropical famUieii, 


or 77 per cent. 

It is worth noting the matiner in which, according to these resnlts, the 
both-world families tend to congregate in the intermediate region between 
the tropics and the north tempenite zone—that !«, among the ti opical and 
north temperate families that are mainly tropical and among the north 
temperate and tiopical families that are mainly north temperate. C'on* 
siderable importance attaches itself to the interpretation of this tendency. 


Tabu I. 


(See Explanatory reniaiks.) 

A.—The distribution of the Angiosperms between the Old and Now World. 



1 PiinmiiAs 

1 Cohorts 

Faimlies 

No j V, 

1 Tiibe« 

1- I 

No 7o ‘ 

Gene 

No 1 


Species 

No 

Vo 1 

Ino 

<*/ 

/o 

1 

' 10 

No 

0/ 

/o 1 

Old World 



a 

45 

45 

16 6 

39 

24 5 1 

o79 

46 

9889 

52 

{ New Woild 



2 

45 

35, 

130 

31 

19-5 I 

512 

41 

’ 8874 

47 

j Both Worlds 


100 1 

41 

910 

192 

70 > 

8<^ 

560 

168 

13 

197 

1 

1 

6 

100 

45 

100 

272 

100 

159 

100 

1259 

100 

18960 

1001 


B.—(Jampositso excluded. 



Tubes. 

Geiieia 

1 Bpecies 


No* 

/o 

No 

7 

No 

JV. 

Old World 

S8 

1 Iffl' 

270 

51 

5031 

620 

New Woild 

31 

21 

169 

*L> 

4411 

460 

Both Worlds 

77 

58 



134 

14 


146 

J 100 

629 

1 100~ 

9576 

100 
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0.—UompositflB nlone. 



1 

i Tribes. 


1 Genera. 

1 Species. 


j 

No. ' 

1 . ... _... 

1 

/o i 

No. 

7o 

No. 1 

‘7 

/() 

Old orld .. 


1 


I ;i09 


4868 ' 

61-8 

1 NewWoild 


. . 1 

1 843 

i 

4463 1 

47*5 

1 Both Worlds 


V2 1 

1 

1 

78 

11 

63 1 

0*7 




•• 1 

730 

100 

9884 ' 

100 



i).- 

-(loner a. 








No. 

V 

/(» 




Old V\ 

'oild 


147i> 

4t)7 




Ne^ World . . 

1 

800 

25 4 




15olh Worlds ... . 


878 

27-9 

1 





1 

3ir,o 

1 

100 

* 



Explanatory remarks ,—With reference to sub-table A it maybe remarked 
that the materials are complete for the larger groups, the primaries, the cohorts, 
and the familie®. For the tribes the matter has been sampled. In this 
respect the data for 23 families and sub-families were tabulated in a paper by 
the writer published in the ‘Transactions^ of the Victoria Institute for 1907. 
Those for 19 others have since been added, making a total of 42; and on these 
the results for the tribes, genera, and species are based. The volumes of 
the ‘ Pflanzenreich ’ series have here been used, except with the Com¬ 
posite, whei’e Bentham has been followed. In the early paper only the 
tribes designated as such were utilised. In this sub-table all intermediate 
groupings between the genera and the family are employed under this head 
where it is practicable. 

In sub-table B all the materials in sub-table A are used with the 
exception of those for the Composite, which are treated separately in 
sub-table C. 

In sub-table D are given the results of an analysis made by the writer of 
the list of chief genera (about 3150 for the Angiosperms) that is given by 
Dr, Willis in bis ‘ Flowering Plants and Ferns ’ for 1908. The increase in 
the percentage of genera common to the eastern and western hemispheres 
is due to the fact that the list is only concerned with “chiefgenera; 
and it is obvious that the number of genera with limited distribution 
that are here excluded is very large, and would have gone lar to pull 
down the percentage of both-world genera. Probably in a complete list 
of genera the percentage found in both worlds would be nearer that for 
the Composite, where the proportion is 11 per cent.; and there is there¬ 
fore much to support the estimate adopted in this paper of “less than 
20 per cent.” 







Distribniion of the sob-divisions of the Aofiriosperins in the Old and New Worlds. 



kmmwi ,— 1 ae are the umts. The six pnmary groups comprise the Monocotyledons^ the four pu*ta of the ArcbiehlaBiydMi imd 

the Sjrmpetate, the groups A, B, C, D haring been formed by the writer by allotting cohorts 1-14 to A, 16-18 to B, 19-21 to C, 
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Table TIT, 

The Fiiiiiilie«4 of the Angiosperms clibtrihuted according to hemispheres 
(east and west) and to latitudinal zones. 


(For the sake of comparison the results for the Cohorts are given 
in the last column.) 




No. 

Percentage. 

1 

1 Cohorts, 


Cosmopolitan . 

70 

26*7 

1 26= 57*8 % 

j Old and New 

1 Woilds or 

East and West 
* Hemispheres. 

Tropics . 

IropicR and North Temperate . 

73 

15 

26-8 

5/5 

11= 24-5 

1= 2-2 

Tropics and South Temperate .. 

8 

30 


Noith and South Temperate . . . 
North Temperate . 

14 

9 

51 

3 3 

2= 4 5 

1 

South Temperate . 

3 

1*1 

1= 2-2 



192 

70T» 

41= 9V2»/o 

r 

General 





Tropics. .. 

20 

73 

2= 4-4 V. 1 

Old World 

Tropics and North Temperate . . 
Tropics and South Temperate .. 


• 

or East 

5 

P8 


Ilemispheie. 

North and South Temperate .... 

2 

1 0 7 

1 

North Temperate . 

8 

30 

1 1 

V. 

South Temperate . 

10 

3-7 

! 1 



46 1 

10*6 

, 1 

r 

General 



1 

! 1 


Tropics . 

27 

100 

i 2= 4-4 »/„ 

New Woild 

Tropics and North Temperate . 

1 

0-4 


or W est 

Tropics and South Temperate . 

1 

0*4 

1 

Hemisphere. 

North and South Temperate .... 

.. 



North Temperate . 




1 

South Temperate . 

1 3 

M ' 

1 

1 


1 36 

13-0 




272 

100 

46 = 100 

^ 1 


Note. —The Tropics include the Subtropics, and the Temperate zones include all extra- 
tropical regions. It is important to remember that the families are here treated in the 
mass, the small with the large. Practically all the great families would be represented 
in both the east and west hemispheres. The author has made a list of the principal 
families, those holding the largest number of genera and species. They number 
about 90, and at least 95 per cent, of them are found in both hemispheres. The 
distribution of families in the north and south hemispheres is also dealt with in 
diflerent fashions in Tables VIJI,, IX., X. 
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Table TV* 

Distribntion of the Families aod Cohorts of the Angiosperms according to 
climatic or latitudinal zones. 

(This Table is supplementary to Table V.) 


A. Families* 




Tropical 

and 

temperate 
but mainly 
tropical. 

Equally 

shared 

Temperate 





Exclusively 

between 

and tropical 

Exclusively 

Total 



tropical. 

tropical and 

but mainly 

temperate 




temperate 

zones 

temperate. 





17 

4 

4 

4 

f" 

8 

87 

Atcbi- 

B 

16 

6 

4 

7 

10 

41 

chlamydeea. ' 


18 

11 

1 

1 

11 

42 


83 

7 

3 

6 

10 

68 

Total . 


88(4e0»/„) 

27(15 2%) 

12(6 7%) 

17(9 6%) 

39 (21 07,) 

178 

Sympetalee 

- 

14(27 5«/,) 

11 (21 6“/,) 

4 (7 87) 

12(28 6”/„) 

10 (19-6”/.) 

61 

1 Dicotyledons 

•• 

97(428»/.) 

38(16 6%) 

16(7 0%) j 

29(12 7%) 

49(2147.) 

229 

Monocotyledons 

28(686»/„) 

2(46”/.) ' 

1 

12 (27 9”/.) 1 

3(70%) 

3(7 0“/.) 

48 

Angiosperms 

•• 

120 (44*1®/,) 

1 

40(14 7%)^ 

28(103%) 

32(118%) 

62(191”/.) 

272 

B. Cohofts 

Angiosperms .. 

10(222>/^ 

12(267%) 

17(37 8%) 

4(8 9%) 

2(4 47.) 

45 


systeia is followed. Tke temperate include all extra^troplcal 
redone, and the subtropics fire eompnsed in the tropics Gohorta 1-14 aie placed 
under A, 16-18 under B, 19-21 under 0, end 22-26 under D. Table V. should be 
consulted in this connection« 



Table V. 

The Families of the Angiosperms distributed according to climatic zones. 

(In Table IV. a diflPerent arrangement of the colnmns is adopted for the second serie^J.) 
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Explanutim of Table F. 

tn^e system of Engler is adopted, the Ineotnpletsp of Beniham and Hooker 
l^ing added for the sake of comparison. The Archiehlamydese have been 
divided by the writer into four groups A.«cohorts 1--14 ; cohorts 
15-18; C.ascohorts 19-21; D.ssscohorts 22-26. The subtropics are included 
in the tropics and the extra-tropical zones are classed as temperate. 

The general results are given in the first series and the details in the second 
series. Thus it is there shown that in the first series the tropical families 
include those that occur also in temperate regions, but are mainly tropical, 
and the same with the temperate families, which include those that are 
mainly as well as those that are exclusively temperate. The third series 
deals with the aquatic and subaquatic families, concerning which other 
particulars are given in Table VI, 

In the first series the absolute numbers are enclosed in parentheses. In 
the second series they are omitted, but they are given in Table IV. 

By following Engler’s system in the cases of the Cytinacese, the Cupu- 
lifersB, and the'Piperacese of the Incompletie the number of families has been 
increased from 36 to 39 for that group. 


Table VI. 

Distribution of Families of aquatic and subaquatic habit in the Old and 

New Worlds, 



Old and New Worlds 

Old Woild 

New World 

Total 

Monocotyledons 

11^ 

1 

1 

13 

A srliicbUmydesB A . .. 



1 

1 

ff B 

3 

3 

1 

7 

„ c .... 

1 1 


1 

2 

„ D . 



1 

2 

Synipetalss. 

1 


1 

1 


18 

4 

1 

* . 

26 


O^faer details are given in Teble V. and the groups A, B, 0, D, are 
(here explained, 




Table VII. 

(Illnstrating the proportion of Cosmopolitan families^ and of families confined to the tropics of the Old World and 

the New World, either separately or conjointly.) 
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are placed under A, 15-18 under B, 19-21 under C, and 22-20 under D. The Cosmopolitan families lia\e been added for the sahe of 
convenience only. Tlie table is used in this way. The Monocotyledons, which comprise 40 families, possess 32*0 per cent, of cosmopolitan 
families, 9*3 per cent, of families restncted to the tropics of the Old World, 110 per cent, of families restricted to the tropics of the New 
World, and 32*5 per cent, to the tropics of both Worlds, the gt*neral total of families confined to the tropics (includin;y subtropicsj being, 
therefore, 53*4 per cent. Tables IV- and V. should be r<*feri*ed to in the^e connection^. 
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M Taw-k VIII. 

distribntion of the Families of the Angiospems in the North and 
South Hemispheres. * 

(Eibgler’s system is followed. In the subdivisions of the Archichlamydese, 
as adopted by the writer, group A. holds cohorts 1-14 ; B. 15-18 ; 0.19-21; 
and D. 22-26. The tropics include the subtropics, and the temperate zones 
signify all extra-tropical regions.) 



Mono- 

Archichlaiu}dem. 

Sym- 

l)iro- 

Angiospermo 


cotyledons 

A. 

B 

a 

1>. 

All 4 
groups. 

petales. 

tyledons. 

Cosmopolitan ,..« 

14 

8 



12 

40 

36 

66 

70—25*7% 

North and South 1 
Tein)ieiate . [ 

8 

2 

8 

3 

•• 

8 

5 

13 

36- 6 9 

North Temperate.. 

.. 

2 

4 

5 

5 

16 

4 

20 

8 

1 

-‘I 

A 

Tnjpics and North 1 
Temperate ,. f 

•• 

4 

2 

8 

2 

11 

5 

16 

16— 6 9 

Tropics. 

28 


15 

18 

S3 j 

88 

14 

97 

120-44*1 

Tropics and South ( 
Temperate .. ) 

3 

•• 

8 

1 

1 ' 

' 5 

6 

11 

34— 51 

South Temperate. 


4 

8 

1 8 

5 

16 

1 1 

36 

16— 69 


48 

87 

41 * 

' 42 

68 

178 

i 61 

L_ 

229 

273—100 


Table IX. 

The distribution of the 272 Families of the Angiosperms in the North and 

South Hemispheres. 


Cosmopolitan..... . .. 

North and South Temperate. 

Exclusively or mainly North Temperate » 

Exclusively or mainly Tropical. 

Exclusively or mainly South Temperate ,. 


70—26 77o i 

16— 6-97o 
26— 0*6 I 
180—6M7o } 

21— 7*7 o/o I 


272-1000 Vo 


Nom-^The Angiosperms are here treated in the mass os in the last column of Table VIIL, 
but with a Httle different arrangement AU extra-tropical regions aie classed as 
temperate^ 
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Table X. 

The distribution of the 272 Families of the Angiosperins in the North and 

South Hemispheres. 

(The data in Table III. have here been utilised. The tropics include 
the sub-tropics, and all other regions are classed as temperate.) 


North Temperate in varying degree. 

mor46% 

Tropical „ „ . 

220 or 81 o/o 

South Temperate „ „ . 

116 or 


Note. —The total number of families represented to a greater or less extent in temperate 
regions, that is in regions outside the tropics or subtiopics, is lo2 or 60 per cent. The 
representation iu the tiopica is above shown to be 220 or 81 per cent. 


Summary. 

From a consideration of the problems of plant-distribution, the writer is 
led to regard the history of the Angiosperms as resolving itself into tv/o 
principal eras :— 

(1) The era that witnessed the rise of the great families, a period of 
relatively uniform conditions. 

(2) The era that witnessed the differentiation of these family typos in 
response to the differentiation of the climatic and other conditions. 

It is argued that conclusions drawn from the prevailing influences now in 
operation could only be applied to the differentiation of the ancient family 
types—that is to say, to the second f»ra in plant-history. It is not possible, 
so it is held, to apply a theory based on the present to an age of other things, 
other ways, and other conditions. Only the hypothesis that finds its guide 
to the past in the abnormalities of the present can be of service to us in the 
interpretation of times so different. 

The subject is introduced by a reference to Us o papers, contributed to the 
‘Journal of the Linnean Society,^ which have an important bearing on 
the subject, the one by Bentham on the Oompositse, the other by Huxley 
on the Gentians. Then follows a statement of the differentiation hypothesis 
which involves the differentiation of primitive world-ranging types in response 
to the progressive differentiation of their originally uniform conditions. Allu¬ 
sion is then made to the dilemma into which all theorists fall when they come 
to handle the larger gioups, the very persistence of which in our own age 
depends on the stability of their essential characters. If stable now, why so 
unstable then? We are thus forced to the conclusion that in the distant era 






m 

i tkli i^itnoseed tlie de|)loym6nt of tl^o Augiosperms instability prevailed* 
ti inas an age of mutations^ free and nnchecked, and an age of uniformity of 
o^tiditiona, the mutability decreasing and the modifications becoming more 
and more fixed with progressive differentiation of conditions) an explanation 
isuggested by a perusal of the accounts by Dr. Willis of his prolonged 
investigation on the Podostemacese. 

The distribution of families is then treated statistically ; and it is shown 
that whilst they largely ignore the cleavage of the land into two great masses 
diverging from the north, they resjvond in a marked degree to the diflerentia*- 
tion of the climatic zones. Behind their disregard for the present arrange¬ 
ment of continents and oceans lies the story of the first era, and behiind their 
ready response to cUmatic differentiation lies the story of the second eia* 
In the circumstance that the response made to the bi-cIeavage of the land- 
mass is absent or small with the larger groups and becomes greater and 
greater as we go down the differentiating scale nntil it attains its maximum 
in the species, is recognised the contrast of conditions between the pre- 
differentiation era and the era when differentiation reigned supreme. It is 
held that there is a method here disclosed that could only arise by the family 
differentiating into the tribes, the tribe into the genera, and the genus into 
the species, since the opposite method of commencing with the species would 
produce chaos* 

The paper ends with the application of the statistical treatment to the 
larger groups behind the families, and it is shown that whilst the Dico¬ 
tyledons display a much greater tendency to detachment from the tropics 
than the Monocotyledons, the B} mpetalse stand foremost in this respect 
amongst all the groups of the Dicotyledons. It may be added that there 
is a large amount of material in the ten tables which from considerations 
of space could not be discussed. These data have therefore to tell their 
own story. 
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On a Malay Form of Chlorococcum liumicola (Nag.), Rabenh. By B. Mukiel 
Bristol, M.Sc. ((.^ommunicatied by Prof. G. S. West, FJj.S.) 

(Platkb 17 & 18.) 

[Bead 21st March, ]918,] 

I. Historical. 

Chlorococcum humicola vva-^ first described by Niigeli in 1840, under tlie 
name C^stococcus humicola^ Nag.*, as a spherical unicellular alga completely 
saturated with chlorophyll, except for a single lateral colourle.-.s space, and 
containing a single pyrenoid. He described its multiplication as being 
by non-inotile gonidia sot free by a splitting of the inother-cell-wall, but 
did not observe any motile cells in connection with the alga. Tn 18G8. 
Rabenhorfetf identified the genus fNag., with that which Fries 
had described, in 1825, as Chlorococcum, in which multiplication by biciliat<» 
zoogonidia had been observed ; and this alteration has been supported by the 
great majority of later botanist^. l)e Toni however, in 1889, included 
the genera Chlorococcum, Fries (1825), and Ci/stococcus, Nlig. (1849), in the 
genus Profococcua, Ag. (1824), with which he considered them synonymous. 
Wille’.s recent researches § on Prof. C\ A. Agardh’s original specimens in 
the Lund Botanical Museum show, liow^ever, that Protococcxts viridis, Ag., 
is identical with the alga later described as Pleurococcus Ndgelli, (^liod., and 
that De Toni’s diagnosis of Protococcus viridls', Ag., to include Chlorococcum 
humicola (Niig.), Rabenh, is quite wrong, since the formation of biciliate 
zoogonidia has been definitely establiished in this last species. 

Wille shows in the same paper that the alga described and figured by 
Meneghini, in 1842, under the name Chlorococcum AJonas (Ag.), Menegh. ||, 
cannot be the same as Agardh’s Protococcus Moms, because Agardh’s 
species contains no pyrenoids, whereas, both in the description and in the 
figure, Meneghini lays particular stress on the clear spot in the periphery, 
by which only a pyrenoid can be intended. Wdle suggests further that 
Meneghini’s species was probably the same as Chlorococcum humicola (Nag.), 
Rabenh. If this is so, and it seems quite possible, Meneghini failed to 
observe the great variation in size of the vegetative cells, and only an 
examination of Meneghini’s original material could prove the truth of 
Wille’s suggestion; but, in any case, the si)ecific name humicola has been 

* Nageli, ^ Gattuugen einzelliger Algen/ Zurich, 1849, p. 85, tab. iii. E. 

t Rabenhorst, FI. Bur. Algar. iii. 1868, p. 57. 

X De Toni, * Sylloge Algarum,’ 1889, voL i. p. 099. 

$ Wille, N., * Algologiscbe Notizen,’ xxii. Christiania, 1913. 

II Meneghini, J., Monographia Nostochinearum Italicarum.’^ Aug. Tauriu. 1842, S. 28, 
tab. iii. %. 1. 
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lii use for 80 many years that it must necessarily stand in preference to 

M^M9* 

With the exception of the observation that the fully developed cells of 
Chlaraeoccum humicola are coBnocjdio no further study of this alga has 
been carried out, and our knowledge of the species is limited to Bnbenhorst^s 
description given in 1868* Recently, however, an opportunity has been 
afforded for a prolonged study of this alga, and the life-history has proved 
to be far more complicated than Rabenhorst’s description would lead one to 
expect. 


11. CULTOKBg. 


In October, 1915, a series of cultures was set up with a view to determining 
what algae, if any, can live in soil in a resiing-state, about 60 samples of soil 
being taken for experiment. In connection with this work, Professor G. S. 
West very kindly provided a specimen of soil from Kajang, near Kuala 
Lumpur, Malay States, which had first been air-dried and then stored 
in a closed specimen-tnbe for about two years. Three cultures were made 
from this soil, two in 50 c.c. conical flasks provided with cotton-wool plugs, 
and one in a small glass box. A sterilised mineral salt solution u as placed 
in the sterilised vessels and about a cubic centimetre of the soil was 
introduced by means of a sterilised spathula. The cultures were placed 
under a glass jar in a north window, and left to grow at the temperature 
of the room. 

The composition of the culture-solution was as follows, and as evaporation 
took place the cultures were watered with a solution of half the strength. 


Potassium dibydrogen phosphate (KH 2 PO 4 ) 

Sodium nitrate (NaNOg) .. 

Calcium chloride (CaOlj). 

Magnesium sulphate (MgSO^) . . . . . 

Sodium chloride (NaCl) . 

Ferric chloride (FeOlg) . 

Distilled water ... . 


. . 1*0 gm. 


1‘0 

0*1 

0-3 

0*1 


»9 

>9 


001 „ 
1000 c.c. 


No growth whatever took place in the cultures until nearly eight months 
after tbeir being set up, but in about the middle of June, 1916, a thin green 
scum appeared round the edges of the culture-fluid. This indicates that the 
initial temperature required for the germination of the alga-spores in this 
Malay soil is very much higher then that required for the germination 
of aigse in this country since cultures of English soils set up Inwards the 
en<l of November showed considerable growth by the end of April. The 
alga grew abundantly, forming not only a green gelatinons scum on the 

« West, G. S., < Algm; Omb. B 0 I* Bairibooks, vol. i. 1916, p. 911. 
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sidefl of the vessel, but also flat green strata floating about in the liquid. 
Repeated examination has shown that the three cultures are unialgal 
cultures of Chlorococcum humicola (Nag.), Rabenh., und an excellent 
opportunity has thus presented itself of making a study, not only of the life- 
history, but also of the cytology of the alga. 

III. The Vegetative (>bll. 

The ordinary vegetative cells of the alga are spherical or subspherical, and 
may be either solitary or collected together into small globular clusters or 
into flat expanded strata in which the cells are imbedded in mucus. One 
very important characteristic of the alga is the enormous variation in the 
size of the vegetative cells which make up a stratum. A great many appear 
to be fully grown when they have reached a diameter of less than 20 ft, while 
others continue to grow until a diameter of as much as 80 ft has been 
attained. 

A vegetative cell of diameter about 13 ft shows a very characteristic 
structure (PI. 17. figs. 1-4). The wall is thin and is composed of cellulose, and 
it is usually of a uniform thickness throughout, though occasionally one 
or more slight thickenings may be seen (fig. 3). There is a single parietal 
chloroplast, which may take the form of a deep green layer lining practically 
the whole of the cell-wall with a single small colourless area on one side 
(fig. 2), or it may bo irregular (fig. 1), having, in some cases, almost the 
appearance of being divided up into several smaller chloroplasts. A large 
pyrenoid is very conspicuous in the chloroplast, and in some cells, particularly 
in the larger ones, two or even as many as half a dozen may be seen, though 
the latter is exceptional. Starch is present in the form of minute granules 
scattered throughout the cytoplasm as v^ell as in the starch-sheaths of the 
pyrenoids. As the cells increase in size, oil is formed and stored in the cells, 
so that their structure cannot be so clearly made out. In the very large 
cells, the chloroplast is usually continuous over the whole surface of the 
cytoplasm with only one, or perhaps two, perforations, and the pyrenoids 
are less conspicuous, the whole contents of the cell being masked by the 
presence of a great quantity of yellow oil and by the frequent development 
of a bright red pigment dissolved in the oil. When u cell has attained its 
full size, the cell-wall, which up to this time has remained quite thin, begins 
to thicken and become stratified, and a number of button-like excrescences 
are formed usually on the inside but occasionally on the outside of the wall. 
But ill no case does the wall ever become thicker than about 4 f^, and the 
number of striaiions is usually few. 

Stained preparations of the material were made by fixing with Bonin’s 
8 <flutioa and staining wdth Heidenhain^s iron-alum-haematoxylin and with 
Delafield^s fammatoxylin. Comparatively little information could be obtained 
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ffeidiai t study of the alga stamed In bulk, hence the material was imbedded in 
jpeMraJiuy and microtome sections were out about 5 /a in thickness. 

Bections stained with Delafield's hmmiitoxylin show that the cytoplasm has 
a somewhat reiioulate structure, but that the reticulations have no dednite 
radial arrangement; and in a few cases there can be seen an indication 
of a parietal cliloroplast. In sections stained with Heidenhain’s iron^alnm** 
hmmatoxylin the reticulate nature of the cytoplasm is not nearly so notice* 
able, and the spaces between the network are seen to be filled with a granular 
substance. Pyrenoids, with either spherical or polygonal pyrenocrystals and 
usually narrow starch^sheaths, are conspicuous, there being often many in 
the larger cells and at least one in even the smallest cells. The adult cells 
are multitmcieate(P1.18.figs. 18 & 19), the nuclei being situated at the angles 
of the reticulum, but they are so minute that they can only be clearly 
distinguished under a magnification of 1435. Then, each is seen to consist 
of a single small granule of cliromatin, the karjosome, surrounded by 
a narrow but definite nuclear space which is bounded on the outside 
by an extremely thin nuclear membrane. The whole structure is not more 
than 1 /Lt in diameter, and even undei a magnification of 2820 no further 
details are apparent. In very young cells there is a single nucleus exactly 
similar in size and structure to those of the mature cells, to which it evidently 
gives rise by repeated division; but the structuies aie so minute that it has 
been impossible, even in a single instance, obt«iin any of the details of 
division. 

The division of the p;yrenoids usually takes place by constriction, though 
multiplication by fragmentation ha^ been observed ; and ail the available 
evidence indicates th.il nuclear division and the division of the pjrenoids are 
entirely independent of one another. 

IV. Multiplication b\ Zoogonidia. 

Multiplication by zoogonidia has been observed in cells of all sizes from 
about 20 fi in diameter upwards. Sueces^^ive bipaitition of the contents of 
the cell takes place, with the formation of 8, 16, or an indefinite number 
of small oval uninucleate bodies, according to the size of the cell. These 
acquire cilia and swarm about within the mother-oell until an aperture 
appears at some place in the inobher-cell-wall, when they make their way 
through the aperture and escape into the surrounding water. The zoogonidia 
produced in this way are ’extremely variable in size even from the same 
zcM^onidangium, but this may be due to their being cultural forms produced 
under slightly abnormal conditions. Mo^t are about 8 /u* long with a breadth 
of about 4*5 /t, but they seem to be somewhat contractile, and many are found 
which are about 13^ long and not more than 2*5/z broad« They have two 
equal cilia, and are usually oval or pear-shaped, while the longer ones are 
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sometimes pointed at both ends. Each has a single bell-shaped chloroplast 
fitted against the posterior end of the zoogonidiuin, though in tlie case of a 
few elongated zoogonidia the posterior end was found to be colourless, the 
chloroplast being in the form of a parietal band i^und the middle of the cell. 
There is a red pigment-spot near the anteiior end of the cell and a single 
pyrenoid in the chloroplast. In some cases, owing to cultural conditions, 
the escape of the zoogonidia was observed before the division of the mother- 
cell-contents was complete, and a number of extremely abnormal zoogonidia 
were formed ; one of these is shown in fig. with three pairs of cilia, 
three pigment-spots, and three distinct chloroplasts. 

When the zoogonidia have made their escape from the mother-cell, they 
swim about for a short time and then frecjuently fuse in pairs, either with 
one another or with zoogonidia from another mother-cell, 'fwo zoogonidia 
become entangled by their cilia and fusion takes place from the anterior end 
in the usual way to form a zygote having four cilia attached at the anterior 
end. One ca&e, Imwever, was observed in wliich the fusion took place in 
such a way as to i)roduco a zygote witli two cilia at esich end, while in 
another a normal zygote was seen with a small zoogonidium partially fused 
to its posterior end. As a general rule, the zoogonidia were of the same 
size, but a few cases were observed in which fusion took place between 
anisogametes. 

A fusion of this kind does not seem to be essential to the life-history 
of the alga, for a great many zoogonidia, after swimming about for some 
time, come to rest and develop in exactly the same way as the zygotes. The 
cells round ofiE, lose their cilia^ and, acquiring cellulose cell-walls, develop by 
gradual stages into adult vegetative cells. 


V. Multiplication by Aplanospokes. 

In certain circumstances a vegetative cell produces non-inoiile gonidia 
instead of zoogonidia. The nuclei of the mother-cell appear to increase 
considerably in size and number, and each becomes the centre of a little 
mass of cytoplasm which forms an aplanospore. A great many are produced 
from a single mother-cell and they become angular by compression. In 
stained sections of cells about to form aplanospores the nuclei are very 
conspicuous and the nuclear space is seen to be finely granular with an 
occasional larger granule of chromatin. The karyosome is almost central in 
position, and may be spherical or oval, or somewhat elongated with a slight 
constriction in the middle. In these cells the nuclei have been observed to 
divide by constriction (fig. 21), and it may be that the irregularities in shape 
of the karyosome are preliminary stages in the division of the nucleus. The 
occurrence of this form of nuclear division in Chloroooccum is surprising in 
view of the fact that mitotic figures have been obtained for both of the allied 
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Ckxraeium^ and Chloroehjftriumll^ but it points to tho feuit that eitlier 
^ tile aonditians were abnormal or else the genus Chlorof^oocum is somewhat 
|iritnitive« 

7 he aplatiospores thus produced remain enclosed for a considerable time 
within the old motherKsell^-wall, which gradually disintegrates to form a 
mucilaginous stratum in which the young cells are imbedded, and the alga 
enters into a palmella^like condition. In this state further division of the 
young cells into two or four daughter-cells may take place by successive 
bipartitionj and strata of considerable extent may be formed ; but no 
cellulose walls appear, and the cells remain imbedded in a mass of mucilnge. 
A sudden change in external conditions, with its accompanying physiological 
shock, induces the formation of cilia either at once or after one or tuo 
further divisions, and the cells, becoming motile, swim away rapidly fiom 
the mucilaginous stratum. Fusion of these zoogonidia has fiequently, 
though not always, been observed, and develpment takes place in exactly 
the same way as in the normally produced zoogonidia. 

The observation of this delayed production of cilia by the palmelloid cells 
is interesting in that it indicates that the aplanospores are really reduced 
zoogonidia, but that the surrounding nutrient conditions are such as to be 
able to support the development of a large number of individuals in a small 
space, and to render their wider distribution unnecessary. 

The zoogonidia produced in this manner aie oval and aie laiger than those 
formed normally* They vary considerably in size, being from 5 to 9*5 fi in 
breadth and from 9*7 to 14*5 in length according to the number of 
preliminary divisions of the cell. Each contains a single bell-shaped 
ohloroplast lining the posterior end of the cell, and in some cases the 
chloroplast is somewhat irregular in thickness forming cushion-shaped 
projections into fhe interior of the cell. There is a bright red pigment-s[)ot 
at the anterior end, and a single pyrenoid in the chloroplast. In certain 
circumstances the paUneliold cells gradually become spherical and develop 
into vegetative cells. 

It is characteristic of this genus that true vegetative division does not take 
place. In some cases the contents of a cell divide into two parts, but the 
two daughter-cells invariably secrete new cell-walls, and the mother-cell-wall 
becomes converted into mucilage. The two daughter-cells remain loosely 
attached to one another, and, as a result of further similar divisions, small 
clusters of cells are formed (tigs. 4-8). Multiplication of this kind, which 
appears to be a modified formation of aplanospores, appears to take place 

e G. M., Zoospore Formation ia Charaeium SiehtMiiy A. Br./^ Ann. Bot. 

vol. XXX. no. cxix. July 1916. 

t Bristol, B. M., ** On the Life-history and Cytology of ChlonK^ytrium grmde, ep. nov/* 
Ann. Bot. vol. xxxl no. cxxi. Jau. 1917. 
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chiefly in cells from 10 to 20 in diameter ; colls larger than this multiply 
either by zoogoiiidia or by the formation of numerous aplanospores. 

VI. CBLOjtococciru mrmcoLA in English Soils. 

Of the samples of soil taken from fifty-one localities in this country, all 
but two yielded C humicola in greater or less quantity, showing the wideness 
of its distribution and the constancy with which it occurs in soil. Of the 
two in which it did not occur, one was taken from the Broadbalk plot at the 
Rothamsted Experimental Station in the year 184(), and had been kept in a 
dry state for nearly eighty years before being put into the culture. A 
similar sample of soil collected from the same plot in 185r) yielded the alga 
in considerable quantity, hence its absence from the cultures of the 184G soil 
indicates that the limit of resistance against desiccation and of retention of 
vitality for C, humicola lies somewhere between seventy and eighty years. 

In no essential features did the Chlorococcnm humicola found in the Malay 
soil ditfer from that found in the English soils. The spores germinated far 
more slowly and the cells are on the whole larger than the English ones, but, 
even in a single culture, the variation in size of the cells is so great that 
no importance is to be attached to such distinctions. For the rest, the 
cytology and the life-history are the same, the dominant stage depending 
on the surrounding nutrient medium. 

VII. Amended Diagnosis. 

Rabenhorst distinguished the species C. humicola by the following 
diagnosis :—“(.^h.strato effuso,obscure viridi pulverulento ; celliilis globosis, 
magnitudine variis, plorumque numerosis in familias consociatis, tegumento 
coinmuni hyalino achroo circunivelatis; cytiodermate tenui, setate provecta 
suberasso ; cytioplasmate initio dilute vel luteolo-viridi, homogeneo, demum 
saturate viridi, granuloso. 

“ Diam. cell ad 1/126"'=0*0007". 

Propagatio fit gonidiis cytioplasmatis divisione succedanea ex ultima 
generationis serie transitoria ortis, e cytiodermatis abaviaj (intellige 
tegumentum extremum) rupturis excedentibus et examinantibus.’^ 

To this must now be added the following characters :— 

^^Zoogonidia aut quiescunt statimque in cellulas vegetativas augescunt 
aut copulatione duorum facta zygota eflbrmant. 

Propagatio fit quoque aplanosporis plurimis (zoogonidiis redactis) in 
mucilagine ex solutione cytiodermatis cellulae matricalis orta inclusis. 
Fieri potest ut aplanosporm divisiones plures subeant ; postea aplanosporm 
aut cilia extrudunt et se velut zoogonidia normalia preebont, aut tardissime 
in cellulas vegetativas auge.-icunt. 

Oontentus cellularum vegeiativarum majorum saepissime pigmento rubro 
obscuratur/' 
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VIIT. StTMMAKY. 

The material described has bean obtained from cultures of a sample of 
dried soi1» which was sent from the Malay States about two years before the 
cultures were set up. 

The vegetative cells are spherical or subspherical, solitary or collected 
together into mncilaginous strata, very variable in size, being from 20 ^ 80/4 
in diameter, each with a thin cellulose cell-wall and a single parietal 
chloroplast containing from one to several pyrenoids and numerous starch 
granules. In adult cells a quantity of yellow oil is stored, in which a bright 
red pigment is often di«*8olved. 

The cytoplasm is reticulate. The young cells contain a single minute 
nucleus and one pyrenoid, both of which multiply by repeated division so 
that the adult cells are coenocytic with many pyrenoids. 

Propagation takes place, by successive bipartition of the contents of the 
mother-cell, into 8-16 or numetous biciliate zoogonidia which may develop 
asexually or may act as facultative gametes. In botli cases <Hrect develop¬ 
ment into vegetative cells takes place. 

AplanOspore-formition may also take place, preceded by the multipli¬ 
cation by constriction of the nuclei of the mother-cell. The aplanospores 
remain imbedded in a mucous stratum, and enter into a palmelloid scate 
in which further bipartitions may take place. Eventually, the palmelloid 
cells either acquire cilia and behave as normal zoogonidia or they develop 
directly into vegetative cells. 

True vegetative di\ision does not take place, but the cell-contents may 
divide into two daughter-cells which immediately acquire new cell- 
walls and are set free as vegetative cells by the dissolution of the mother¬ 
cell-wall. 

Chlororoccum humicola^ difTering in no essential particulars from that in 
the Malay soil, has been found to occur almost universally in English soils. 
The limit of its resistance against desiccation and of its retention of vitality 
has been shown, by investigations on long-dried English soils, to lie some¬ 
where between seventy and eighty years. 

In conclusion, I wish to express my thanks to Professor G. S. West for his 
valnable help throughout this work. 

Botanical Laboratory, 

University of Mrminghaiu, 
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EXI'LANATIOX OF THE PLATES. 

Plate 17. 

Pigs. 1-10 and 13 X 825, figs. 11,12, and 14 X 1435. 

Fig. 1. Small vegetative cell with an irregular parietal chloroplast and one pyrenoid. 

Fig. 2. Cell with chloroplast having a single small perforation and six pyrenoids. 

Fig. 3, Cell with small thickening-j on the cel’-wall. 

Fig. 4, Two dnughter-celLs still united by a gelatinous investment produced from the 
disintegrated mother-cell-wall. 

Fig. 6. Small cluster of cells showing the formation of two daughter-cells within the 
m other-cell-wall. 

Figs. 0-9. Multiplication by zoogonidia in cells of varying sizes. 

Fig. 10. Empty zoogonidangium with small internal thickenings of the cell-wall. 

Fig. 11. Zoogonidia of different forms, py,, pyrenoid; piy»i pigment-spot. 

Fig. 12. «-<?, Successive stages in the conjugation of isogainetes; zygote with thin 
cell-wall before the loss of cilia. 

Fig. 13. Young vegetati^e cells developing from zoogonidia or zygotes. 

Fig. 14. a-c, Unusual conditions in conjugation, a, Formation of zygote with two cilia at 
each end; ft, fusion of anisogametes; c, fusion of zoogonidium to posterior end 
of young zygote; d, abnormal zoogonidium set free before division is complete; 
eft, chloroplast. 


Plate 18. 

Figs. 15-24. Sections to show cytological characters, x 1435. 

Fig. 15. Small coll stained with Heidenhaitfs heeraatoxylin showing reticulate cytoplasm, 
a single nucleus (w.), and one pyrenoid ). 

Fip. 16. Do. showing two nuclei, a pyrenoid dividing by constriction, and a parietal 
chloroplast. 

Fig. 17. Do. showing finely reticulate cytoplasm, with two nuclei and one pyrenoid. 
a and ft, two drawings of the same cell at different levels. 

Fig. 18. Larger cell showing more numerous nuclei and pyrenoids, and indications of a 
parietal chloroplast 

Fig. 19. Do. with very numerous nuclei and a number of large pyrenoids; the cytoplasm is 
more distinctly reticulate than in the smaller cells. 

Fig. 20. Pyrenoids of various forms. 

Fig. 21. Cell just before the formation of aplanospores, showing enlarged nuclei with 
variously shaped karyosomes. o-n., nucleus dividing by constriction. 

Fig. 22. Section through mass of young aplanospores. in., mucous investment formed by 
the disintegration of the mother-cell-wall; /?., nucleus; py,, pyrenoid. 

Fig. 23. Sections of cells in palmelloid condition, cr-c, Stained with Heidenhain's 
heemtoxylin ; d, stained with Delafield’s haematoxylin, showing the reticulation 
of the cytoplasm ; m., mucilaginous investment; nucleus; py,, pyrenoid. 

Fig. 24. Section of cells as in fig. 5, with pyrenoids showing distinct plates in the starch- 
sheath, an enlarged nucleus, and indications of a parietal chloroplast. 

Figs. 26-^X. Multiplication by means of aplanospores. x 825. 

Fig. 25. Group of mother-cells filled with young aplanospores which ate angular by 
compression, 
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1^. S6. Maas of young Aplnuotporo* rounding theniMlves off team one anotlier, rritlitn the 
mucilaginous envelope formed by the dieintegratton of tlie motheir«>cell*wa!l. 

Fige 2T» Part of a muciiaginous stratum (structureless) with groups of cells formed by 
successive bipartitions of the aplanospores. 

Tiga 2B, Development of cilia by palmelloid cells after a change of medium. 

Fig 29, a, Palmelloid cell which has increased in size without further diviMon; 6, 
vegetative cell produced directly fiom an aplanospore without an intermediate 
motile state. 

Fig. 30. Zoogonidia produced from palmelloid cells, differing in size with the number of 
preliminary divisions of the palmelloid cells, pigment-epot, py., pyrenoid; 

cA , chloroplast. 

Fig. 31. ch-c, Successive stages in the fusion of these zoogonidia; d, zygote developing into 
vegetative cell. 





t 


/■ 




" i 


f 




n^ 1 M, 







>1 




't 


'V 


n 

/ C) 

lo 



^ i 



; 




Irr? 




.V 



\ 


)i 




\ r 

• 1 


i 




♦ 



* t. 

i' 



27 


-h 






1- Y' 

‘4 4 ' 

■'’« ?<■/ 



i ‘i 





t 


V 


/♦ ^ 

3 

f 

^ ^ O 








r5> 


ii 


3/ 


t HI >I (K ()( ( UM Ilf MIC OI Z' 




A EUROPEAN PETRIFACTION WITH FOLIAOE. 


483 


Bennettites Hcotth, >|). nov., a Euroj>eaii JVtrifactioa with Foliage. J5y 
Mauie {'AimicHAEii Stores, D.Sc.,rii.D., F.Ii.S., Fellow and Lecturer 
in Pahoontology, University College, London University. 

(Pi.ATKs 19 A, 20, and 4 text-figures.) 

• Head 2ii(l May, 1918. | 

The par(i<Milar interest ol‘ the new species of />Va>/e///7e.s ahont to he described 
is mainly three-fold :— (I) It is the smallest and Noungest trunk yet known ; 

(2) it is tb<‘ Krist European specimen to include well petrilied young foliage ; 

(3) it well pre^-terved, thus elucidating some anatomical details of leaf- 
structure in the goims liithcrto not completely known iroin American 
specimen^ of other specie*'. It is also sugoeqti\c ol’ the conclusion that 
hiinieititi's ])rodiic(*d detachable trunks adventitiously arising as buds com¬ 
parable with those found on tlie living i'yau clrctnidis. 

Description, 

The sp^H-imen had long lain in the British Museum (Niitural History) in a 
number of unconnected pieces, and had been transferred without history 
from th(‘ lh>tani(5al UepartmeiiT in 1898 (o the (geological Uepartment, where 
it nov> is. The sj>ecimem cut into four separate pieces and two slides long 
since, l)ad [)assed through manj^ hands and b(‘(‘n giv(»n six dilfer(*ni and 
uuassociated catalogue niunhers, viz., V. 4502, V. 4707, V.4782, V. 5445, 
V. 5050, and V. 8J23. Some of the^e had been associat<‘d l)\ Mi. \V. N, 
Edwards, of the (zoological Department, British Museum. 

The j)arts when all brought together fitted so well that there is no doubt 
of their forming a single speeimen. There is no record of the horizon or the 
locality obits source. 

The tiny trunk was oval in horizontal outline, and rather like a somewdiat 
pointed pear in vertical elevation. It inucli resembled outwardly, both in 
size and apjiearance, a large WHluimsonia fniit. keing only almut 8*5 cm. 
in height, and with a largest diameter of 7 x 5 cm. Text-fig. 1 gives in 
outline the a])pearancc of the .specimen in natural siz«‘. J^ong ago it had 
been cut across about the middle, cut (1) in the figure, and the upper piece 
had then been cut onc(‘ vertically to thi.s ami along the sliort(‘r diameter, 
cut (2), and then one of these resulting ]>ortions cut again in half at right 
angles to this cut and along tin* larger diameter, cut (3). These cuts ga\e 
the large basal piece A, the half of the upper half, J5, and the ijuarters of the 
upper half (> and D. From these in the earlv days two thick iongiuidinal 
sections had been made from the faces of cuts (2) and (3^. 

When 1 began work on the specimen Dr. Smith Woodward, F.H.S.. kindly 
allowed me to have a complete series of .sections from the lower part A, 

LINN. JOURN.—BOTANY, VOL. XLIV. 2 U 



m 


J)U. SlorES OK lihKVKtTlTES SCOTTlt 


which yielded ^o('tiolJS fn to aud also a series from the upper part B, which 
yielded sections a to /, s(*e te\t-rtg. I, thus giving 17 sections in consecutive 
series. Pieces ('and D are left uncut: in them there is little douht that 
further young l(‘av6fe are preserve<L 

' Externally, as is roughly indicated in the diagram (text-tig. 1), the speci¬ 
men showed an irregular, sheathing hract-like covering, and had a curved-in 

Texi-fig. 1. 


® '^A767. 



Iha^rriiin of oturinal Bt nnettiif ^ isn4fu ])t“»cnptani in tlu^ hxt. 


and hollowed ha^c like that of a WiHuon^onm fruit, though the covering 
“ scales" were much less definitely individuali^'ed. The external appearance, 
however, was sso far deceptive, and the specimen was not a fruit but a \oung 
trunk with its main axis surrounded only by leaf-bases, and with \oung 
leaves still folded in the bud towards the apex. This baby stem w^as still far 
too young to bear fructifications. 

In crosfe-section the small oval axis with its ring of vascular tissue is 
apparent ; aiising from it are the numerous and closely packed leaf-bases in 
normal spiral sequence, see PI. 19. figs. 1 & 2. Above the level of section/, 
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textr-tig, 1, the axis and leaf-base tissues are replaced by rainenta, but the 
thickly packed and d(4initely oiieiiteii ranienta siniulate leaf-bases in a 
nuinner already jioted and figured for his specimens by Wieland (1906, p. 99, 
text-fig. 52). 

It is in this upper region that the young leaves lie in the present specimen, 
section ; being tlie lo\\ost section in which any of them a}>pear. In /% in the 
leaf-baM^ area directly below /. (*an be s^en the corn‘sponding rachis of each 
leaf rounding ofi' with its hor.-'O-.shoe shaped strand‘^ of \ascular tissue. 

Tin* voung l(M\(*s in the bp<*ciinen o(*ciir as ve])arate fionds in their normal 
sequence, (‘uch witli the pinna* folded as in the bud, and each frond lies 
above tin* area of the coirespoinling l<‘af-baM* which had narrowed and 
rounded oil to form tin* rachis iji a distance ol a few milliineti(*^. 

The pinna* in some sections an* <‘losel^ ])a<‘kcd together, and in the most 
complete l(*aflet tln*re aiv* tightly pa(*ked nine pinna* on cithei side ; but 
noin* of tin* fronds ai<* <‘nt4re, and sonn* of the mom* l)ioken oi di-^torted leaves 
show as main as ten to sixteen leafi(‘ts on one sid(*. kig". 9,ainl 12, PI. 20, 
show characteiistic grmips ot {)inna*. In oin* instance onl\ are tin* ])inna* 
attached to tin* raeliis (fio. 7, PI. 20), most of tin* groups ot pinna* lie in ]>la(*e, 
but soinewbat distorted iu the midst of ramenta. 

The ramenta ate notic<*ahly of two kimU :—large stout on(*s which are 
oriented so as to lorni a leaf-bas<‘ shaped mass. an<l so to lie that with tlio 
low jiovvt*!* lhe\ exacllv simulab* leal-hases smiounding the axis; and in 
addition to th(‘se ate the nmch smaller ramenta (‘ompost d ol a*' many, hut 
indiN idualU vei\ min h sjnall(‘r cells, which arc packed in dritts hetwn'en the 
otln‘rs and also hetwei'ii the trin* leaf-bases. 

As is Usual iu this lamily, there is no sign ol a mam. or indeed of any 
otliet loot at tin* bas(* o[ the trunk ; tlie lowest s(‘ctiou ol all (/•) lias, however, 
a cuiiou'-, nearly central ling ol tissue which is discussed below (p. 48t»). 


/A*/ m/ed / )esc nption . 

The MMN AXIS.—The woody cylinder and the gein'ial outline ol the stem 
of this }oiing and a{)])aientlv unernshed axis is distmeth^ nnd (see tigs. 1 (i, 2, 
Pk 19), and though tin* (iriginal statement <d’ t'aiiutlieis (1870) that the 
oval sha ))0 ot the axis is a generic chaiacter has often hi en disput(‘d, I think 
that the obvious oval of this 6X(*eediugly xoitng sjx'ciiueu distinctly leiulb 
support to (^arruthers’ suiinise. 

Though this little axis is about one-fourth the diamet(*i of the ordinar} 
Beratetides trunk, its arrangements of axis, vascular strands, leaf-bases, exits 
of horse-shoe shaped leaf-traces and so on, aie ail essentially clmiactoristic 
of the genus. 

The rascular cylinder i>, howevei, ver} short and proportionately thick. 
At its thickest part (sections p and o) the wood lias about 40 traclieids in 

2 u 2 
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radius, and a zone of phloem approaching in extent that o£ the xylem* 
The radii of vascular tissue are closely ranked, and are separated by wide 
medullary-ray cells into the double or triple strands typical o£ old Jieimettiies 
wood. But l»y section /, tlie highest in which the woody cylinder is well 
marked before it dies out in the stem apex, the wood is reduced to about five 
elements on each radius. 

The jtroUhcijlems lie in radial continuily with the secondary wood* and 
there are no tietaidied groups of Miiall tracheids such as occur in some of the 
Bennettitalean stems (cf. Cycadmidea WielandL Wiehind, lOOb, or Colym^ 
betes^ Stopes, 191.^). 

The elements of the mamlavy ivood arc squarish in outline, but vary con¬ 
siderably in the way common in Bennetlitalean wood, the average size is 
about 15x20 /A to 25 X 30/A. The tracheids in the higher sections are 
noticeably smaller than in the lower ones where the wood zone is thicker. 
The tracheids seem to have only the barred thickeinng ebaraoteristie of the 
family. 

In a number of places the cambium is well prcseiwed, as one or two thin- 
walled. radially narrow elcmehts ])etvveeji the wlem and phloem. This is 
paiticularly good in slide y/. 

The /di//is oval, about l*^xl*l mm. in diameter, and is composed of a 
mass of soft-walled tissue through \vhi<*h run numerous ‘‘ gum-canals,'' as is 
characteristic of the family. There seem to be no isolated groups of tracheids 
or transfusion tissue in any pait ol it. 

A feature of particular interest is seen in the lowest section of the series 
(r, text-fig. 1), viz. a centrally plact‘d mass ol tissue quite unusual in Bennet. 
titalean pith''. Hoiighly this mass is *4 cm. h) diameter, circular, and is 
placed in the centre of the o\al of the pith. In the section above this, y, the 
differentiated tissue-mass is not present, but when the section is viewed with 
the naked eye some distance from a black l><»ekground. a central eiicular 
area is apparent, about *5 cm. in diameter and distinctly different in colour 
from the rest of the pith. Under the mi( iosco)>e tliis aiea is not delimited 
in any way, but in the central region tlie cells soein larger and clear, and a 
little more irregular than the rest of the pith, sufficiently^ different perhaps 
to account for the microscopically obvious diflerenco in colour. A few of 
these celLs seem to he stone cells with thick walls. 

The circle of tissue on slide r can be seen in tig. 4, PL 19, where at not 
quite the whole circle is shown. It contains lour definite zones : (1) an outer 
circle of very large, rather irregular cells with excessively thick walls; 
between the groups of these large stone cells, small, narrow cells lie rather 
as do medullary rays in a bast zone ; there is, however, no conclusive proof 
that the circle is a vascular cylinder of any sort, and this appearance is 
probably fictitious. (2) Within this ring is a zone of two or three cells 
thick of narrow’, thick-walled, dark cell.s, remarkably like a cambium. 
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(3) Within this is a circle a dozen or so cell^ iliick, iniicli more cork-like 
than like wood. (4) The (ientral space within this consists of irregular pith- 
like tissue among which groii]>s of thick-walled cells are visible, and of 
which the central portions are largely disorganised. 

The nature of this curious circle of tissue is a ])oint. of interest. Its 
central position and large size make it (‘\ident that it is not a chance ‘‘pith- 
})undle ” such as occur in some cveads. It might conceivably be the dying 
out of the cylinder of a large primary root, and it is most unfortunate that 
there was not material for just one section below v to make clear whether 
the tissues were carried down into a definite vascular cylinder or not. The 
way it dies out above makes it clear that were it a vascular cylinder it had 
no connection with that of the stem. Sn(*h primary roots are. I believe, not 
known in the cycadean cohorts. 

A suggestion wliich has more to recommend it is that this is the upper 
part of a separatio)i Ua/er which, at soim* time, had s(‘parated this small stem 
from another, a parent stem, from wliich it may have sprouted. The erratic 
sprouting of seedling-like biuls and their develojiment into separate stems or 
lateral branches in the living C/jeas cirriftalis (see Stopes, 1910) seems to 
offer what may ho a close eomjiarison. Were this view accepted we must 
look on tlui young stem of this new fossil as a sj)roi(tHn^ and not a seedling. 

While it is only wise to reserve judgment about this, it may he mentioned 
that, from my experience with living cycad tissues, 1 incline to favour the 
latter kinterpretation. Also Dr. D. H. 8cott, F.H.S., wlio very kindly 
examined slide r, added an argument in lavour of this view, saying in a 
letter to me, '' I entirel y agree with your interpretation, /. e. tliat the ring of 
secondary tissue round the centre is a separation layer and not vascular. 1 
judge not only from tlie look of the cells, but from the fact that the tissue 
inside the ring is disorganized, just as would he the case if it were a separa¬ 
tion-layer. I imagiiif^ the layer was dorae-sliaped and that this section cuts 
through the sides of the dome.'' 

The leaf-traces come off’ from the vascular axis as single, solid arcs, witli 
considerable quantities of tissue forming a fan ; this spreads out and breaks 
up into a circle of bundles as each ])asses directly out through the cortex 
into the leaf-bases ia the usual way. 

The corte^r consists of a mass of large-celled soft tissue, in which run 
numerous “ gum-caiials ” larger in diameter than the tissue-cells amid which 
they lie. 

As will be apparent from figs. 1 & 2, PI. 19, the leaf-bases^ though rela¬ 
tively small compared with the type species, Uihsonianas^ are yet large 
proportionately to the size of the stem itself. The leaf-bases measure about 
lx *8 cm. and are thus actually very little less than those of the full-sized 
trunk of B. Allchini (Stopes, 1915). They are of the typical rhomboidal 
shape, and spiral arrangement The ground-tissne and va^cnlar Inindles 
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idb^w no pBCttliariiy, bui tbe epidermis with its thick cuticles and attached 
teldrs is particularly well preserved. As the details of these structures have 
not been described for the already known species they are worth a few 
Words in the present instance. In B, Gibsonianus the limiting; layer of the 
leaf-base is described as soinethin/^> in the nature of cork,” and sections 
of the original type specimen in the British Museum show this corky layer. 
A thick cork layer has been more minutely described for the leaf-bases of 
C, gigantea by Seward (1897). The leaf-bases of the new species now 
described are still in the young condition, covered by the original epidermis. 
This has a very thick cuticle which forms a noticeable band of colour in the 
sections. One corner of one of the leaf-bases (in slide m) has begun to 
develop a multi-layered cork, and in other parts of the same leaf-base the 
epidermis with its thick cuticle is conspicuous. 

The colour of the general petrifaction of the tissues ranges from a greyish 
to a Vandyke brown, bnt tlie cuticle stands out from this as a clear, vivid 
golden-brown colour, remarkably like the cuticle of a living Cgcas. It is 
not unlikely, indeed recent work in another field (see Stopes & Wheeler, 
1918) causes me to think it highly probable, that here we are looking not af 
the mineral replacement of the cuticle, but at the actual cuticle itself, though 
the specimen is completely embedded in a mineral matrix as is usual in 
petrifactions. The cuticle is best seen in the lower regions of the leaf-bases, 
where it is less frequently broken by ramental attacliments than it is in the 
upper regions where rameiita are so thickly crowded that the epidermis can 
scarcely be distinguished. 

Several structures which look like stomates are to be seen in the leaf- 
bases, but these may be tangential cuts through the bases of ramental 
attachments. 

The cork lager extends only so far as the acute corner on one side of a loaf- 
base, and though it is there about 18 cells thick, it abruptly comes to an end 
and the rest of the leaf-base, including the other corner, is still covered by 
the original epidermis and cuticle, with here and there a cell or two dividing. 
In one place the division to form the first cells of the cork cambium is 
particularly clear, and shows that the cork cambium of the leaf-base is 
epidermal in origin (see text-fig. 2) and thus differs from that of C. gigantea, 
which is described from much older leaf-bases as being sub-epidermal in 
origin (Seward, 1897, p. 28). 

The ranienta are particularly numerous on the upper parts of the leaf- 
baseSf where they are so crowded and are packed so closely together that 
they form “ fulse-leaf-bases ’’ which appear to the naked eye in sections 
exactly like true loaf-bnses, as they are of the size and shape and have tbe 
same arrangement as the latter. This was illustrated by Wieland (1906, 
pi. 19, text-fig. 52) for his American species. The present specimen shows 
this feature beautifully, and also makes clear an interesting point, that in 
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this species the r ament a are of two kinds ; the very large solid-walled ones 
which, carving round each other and packetl together, form the ]>seudo<-leaf- 
bases, and the interstitial ramenta, very niucli smaller and thinner walled, 
packing the spaces between the former and ai‘^o between the true leaf-bases. 
The marked distinction between these* can be well seen in fig. 5, PI, 19, 
where h repre.sents about half a psendo-leaf-base area, and // part of a second, 
while ir are the interstitial ramenta. 


Text-fig. 2. 



There are occasional doublings and irregularities in the cells, but the 
ramenta are generally one cell-row thick, and the small ones have approxi¬ 
mately the same number of cells as the large ones, e. from about 12 to 20 
or more. The number of cell-rowh in the ramenturn is, within reason, a 
specific character, as was pointed out hy Wieland (190fi, p. 52), and the 
present species in having a single row resembles //. (lihsoniaints and Ct/ca^ 
deoidea nigra. 

Altogether there are three types of ramenta in this [dant, the two types 
just described and in addition hair-like ones on the undersides of the leaves 
themselves, which will be described below. 

The rounding off of the leaf-bas<* to form the racfds takes place rapidly ; 
in section /, for instance, one of the leaf-bases is \ery definitely reduced in 
area, and is rounding ofi', while in section li is seen a rounded rachis with 
its curved horse-shoe bundle and a few pinna^ attached to it (PI. 20. fig. 7). 

Groups of leaflets, each belonging to one frond and still folded as in the 
bud, lie in their normal sequence round the stein and are best seen in section 
g for example, at a level high enough up to be past the apex of the axis- 
tissues, which at this level are represented only by pseudo-leaf-base ramenta. 

The fronds on the present species are clearly not adventitious, but are its 
normal leaves, whether or not the young stem it'^elf had ultimately originated 
as an adventitious bud. Each frond is evidently still ^ery young, not yet 
unfolded, the pinnules being packed in regular ariangement similar to that 
described by Wieland (1906, pi. 19, and 1916, pi. 58), though on a much 
sm^lller scale, The natural si^e of Wieland's pneked group of pinnules 
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to^moiug a single frond is an area roughly 1*2x2 cm., while that of the 
prosent species is only *5 x *4. 

The number of leaflet's in each group, /. e, in each single frond, is not 
precisely determinable because the groups are not quite complete ; the most 
flomplete in appearance has 10 pinnules ou either side, neatly packed and 
overlapping, but higher up as many as 15 pinnse are to be seen, and this 
number is probably incomplete. As Wieland (1906) pointed out, the number 
of |)innffl in the leaves of a given species of living cycads varies so greatly 
that exact computations of the pinnte in the fossil forms do not yield distinctive 
data. The indications are that the fionds of the present species were not 
only small, but had relatively few pinna*. It must not be forgotten, however, 
that a species with many pinna? like Cyms dninalis for example, have on 
the early leaves of their sprouting stems less than a fifth of the numfiei of 
pinna* present on a loaf produced in inatuiity. 

Details of Ijeaflet Structure. 

In a general way these fossil pinna? are unlike those of Cyeas, but lik(* 
those of the other genera of cycad‘« and like those fossil species described l)v 
Wieland (1899, 1906, 1910) in basing a series of well marked, lairallel 
bundles, all through the mesophyll of the leaf, each bundle surrounded by a 
well developed sheath and accompanying sclerenchyma. The highest number 
of bundles observed in one pinna in the jnesent fossil, is ; the pinna? cut 
lower down having as few as o or 6. The general plan of the middle portion*, 
of the leaflets can be seen in fig. 12, PI. 20, and of the corners of the leaflets 
in fig. 11. 

These leaflets, like those described bj Wieland, have a strong upper cuticle 
and sub-epidermal tissue, and the upper diflPers fiom the lower surface of the 
leaflet. Beautiful as are the Ameiican specimens, all the anatomical details 
are not yet clear for the leaves of this family, and the present species throws 
some light on a doubtful feature of the leaf as described by Wieland. 
Details of the tissues of these leaves will consequently be given. 

The upper epidermis, as can be seen in figs. 10 & 11, P], 20, and text-fig, ,*5, 
is regular and well developed, with thickened outer walls and a cuticle. In 
the central portions of the leaflet the epidermis and the thickened tissues 
beneath it seem less developed than elsewheie, c/. PI. 20. fig. 12 and text- 
fig. 4 with fig. U, PI. 20, and text-fig. 3. So far as I can observe, neither 
stomates nor hairs are present on the upper surface. This agrees with the 
generalisations of Thomas and Bancroft (1913) on the group. 

Beneath the epidermis, particularly developed at the corners of each 
leaflet, where it is several cells thick, is a thick-walled hypoderm, see h 
text-fig. 3, and figs. 10 & 11, PI. 20. A palisade seems to be slightly’ 
but ijot very noticeably differentiated from the moie irregular mesophyll! 
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T found no evidence of any transfusion tissiu* between tlie bundles or in the 
mesophyll. 

The vascular bundles are surrounded by a definite sheath (s.) of two or ibree 
layers of thickened colls. This sheath is more noticeabh thickened on the 
under side in the bundles near the ed^es of I he leaflets. Tlu* more median 
bundles, and those in the middle regions of the pinnules haA(* more delicate 
hheathb. A support of sclerenchyma two or tbn‘e cells thick definitely 
connects the sheath with the upper liypoderm. As the sbeatli-walK wen* 


Te\t-fig. .*> 



Details of leaf anatonn. See p. 


considerably thickened presumably they wore pitted, but I liave not been 
able to determine any definite transfusion-like diflerentiation. 

The bundle is entirely centripetal, and appears to consist of two or three 
larger vessels and a grotip of protoxvlems; though no bundle is perfectly 
preserved, several show the small wood group lying in place directly inside 
the sheath so that the quantity of wood was evidently small, and soft tissue, 
presumably cambium and phlocnn, occupies most of the rather large bundle 
space, though the greater part of this soft tissue has disintegrated. 

The lower epidermis (/. e.) lies but one or tw^o cells distant from the low er side 
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of bundle-sheiitlu It is a definite layer, clearly to l>e seen, thongb less 
thickened than the upper epidermis, and broken by gapb of what may be 
stomata as well as being very often obscured by the thick tuft of haitK 
attached to it. These hairs invest the lower side of the leaflets in such a 
(do«Jely packed mass that they form what at first sight appears to be a 
definite tissue (see z, text*fig. il, and figs. 9 &11, PI. ^). The hair-like 
nature of the mass and some of their attachments to the lower epidermis can 
be seen in text-fig. .‘1, and fig. 11, PI. 20. Here and there the basal attach¬ 
ments to the epidermis cells can be seen, and some hairs are cut obliquely, 
but most run in a direction parallel to the leaf, so that in the transverse 
section of the leaf they are also cut at right angles to their length and 
present themselves as more or less circular cells. The area between one 


Text-fipr. 4. 



Detailed anatomy of central portion of leaf. See p, 400 . 


leaflet and its neighbours is packed with these cells, which consequently 
together form much the appearance of a true tissue. This false-tissue of 
hairs is often about equal in area and shape lo the leaflet to which it belongs, 
but in the middle region of the frond where the pinnules are more closely 
packed (PI. 20. fig. 12, and text-fig. 4) it is eliminated, or reduced to a very 
narrow zone. 

(’ells which seem to me to be a corresponding mass of hair-cells seem to 
be interpreted by Wieland (1906, p. 83) as a “ low’er bypoderm,^’ a ‘‘heavy 
sclerenchyma region occupying all the space below the bundles,’’ and thal 
which he takes for a wavy transfusion tissue of a single row of cells seems 
to me to be really the lower epidermis. All the layer below this, as 
shown in the lower part of the upper half of his text-fig. p, 83, is really not 
sclerenchyma within the leaf, but is massed hairs ontdda it. The thickened, 
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sclerenchyma-Hke appearance of the liairs wliic'li sip])arcntly as^.isted in mis¬ 
leading AVieland as to tlieir nature in liis speciineiip, is, of course, very 
noticeable, and does give the mass the look of a sclerenchymatous tissue in 
places ; however, the thickening of the rainental walls seems a well-nuirk(*(l 
feature of this plant, as a glance at the photogranli fig. T). PI. 19, will 
demonstrate. 

Wieland’s figure (his p. 83), with which comparison should be made, is 
said to be (p. 92) “extensively retouched by himself, and the group of 
sclerenctfyma-like cells he has drawn in wlmt he considers the lower scleren- 
chyma region, were actually, 1 think, hairs probably similar to those of the 
present species. 

A specific name must be given to this baby JiennetfiieB. though it is not by 
any means impossible that some old trunk already known may be the same 
species. As the details of the foliage are not kno^^n for any otli(‘r European 
form, they are really the vital points in the diagnosis. Needless to say it is 
very difficult to draw up a diagnosis from a single* ‘*|)eeirnen, but it is a task 
often laid upon a palaeontologist who deals in rarities. 

I name the species in honour of Dr. Scott, F.R.S., to whom all paheonto- 
logists are indebted. 


Bknnettites ScoTTii, sp. nov. 

The whole specimen is 8*5 cm. in height, but the stem itself is only 3*5 cm. 
The greatest diameter is about 7x5 cm. Including leaf-base*^. The leaf- 
bases are rhomhoidal, about 1 x *8 cm. Axis distinctly oval. Woody 
cylinder oval, at its thickest part, with a pith about 1*8 x PJ cm., tlien* are 
40 tracheids on the radius of secondary wood. Tracheids up to 25 x 30/a. 

Encircling the upper part, the leaf-bases round off to form rachises bearing 
fronds still folded in the bud. Above the apex of the stem the leaf-bases 
are replaced by ps(*udo-leaf-bases of large-celled, thick-walled ramenta. 

Leaflets up to 15 and perhaps more ou either side of each frond. Single 
leaflets with upper and lower surfaces well differentiated ; eutiele and 
thickened hypoderin on upper side ; thinner epid(‘rmis with a thick weft of 
attached hairs on the lower side of many pinnjc. Vascular bundles j)arallel, 
close together, from 5 to 23 in each pinna. Middle of leaflet more (lelii*ato 
and less hairy than the rest; the low^er corners having several layers of 
thickened bypoderm. Vascular bundles collateral with well marked bundle- 
sheaths, and supporting strands of sclerenchyina. Nylem apparently only 
centripetal. No transfusion tissue recognised. [The specimen too young to 
bear fructifications.] 
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Summary^ 

A s|iooiuien cut into pieces and given a variety of numbers in the Britii^h 
Museum (Natural Historj^) wlien pieced together and cut into serial sections 
proved to be a very small Benneftites showing well preserved structure. 

Though externally the specimen was much the shape and size o£ a Wiltiaw^ 
sonia “ fruit/' it is a young stem with foliage still folded in the bud. 

Though the stem was independent, there is evidence suggestive of the idea 
that this Iniby had originated as a ‘^sproutlingand not a seedling. In 
connection with this a curious central circle of tissue in the pith of ihe 
lowest section seems best interpreted as a separation layer. 

The vascular axis is very short and thick for its size, and is oVid, though 
apjiareiitly uncrushed. 

The leaves, with the pinnss folded in place, are fairly vrell jietrified, and 
are the first sj)eciiuens of a European BenueHitea preserved with internal 
petrifaction of its attached leaves. The leaf-anatomv shows a well marked 
differentiation betw’een upper and lower leaf-surface, a series of parallel 
vascular bundles with centripetal xyleni, with sj)ecialise(l sheaths and supports 
of upper and low^er selerenchyma. 

A noticeable featur(‘ of many of the leaflets is the groat mass of hairs, 
with thick walls, forming a weft of tissne-liko sul)stance, in places as thick 
as the leaf itself. It is now suggested that the area (lescribed by Wieland 
us lower solerencliyma in his American foliage was probably formed by a 
corresponding hair-weft, and that bis single rovv of transfusion cells" was 
actually the lower epidermis. 

There are three types of raineiita in this new' species : the thick-walled, 
large-celled, pseudo-leaf-base forming ramenta : the small-celled, interstitial 
rainenta; and the hairs, composed of chains of single cells, on the lower 
leaf-surface. 

The leaf-bases are still covered by the original epidermis with its thick 
cuticle, save whore here and there a few cells are giving rise to an epidermal 
cork cambium. 

The plant appears to be far too young to bear fructifications. The speci¬ 
men is much the smallest and youngest member of the group of Bennettitales 
so far knowm. 

It is named B, Seottii in honour of Dr. D. H. Scott, F.It.S. 

My thanks are due to Dr. Smith Woodward, F.R.S., Keeper of the 
Geological Department, British Museum (Nat. Hist.) for his kindness in 
jvcceding to my request to have sections cut of the specimen; and to 
Dr. D. H. Scott, F.R.S, atid Prof. Oliver, F.B.S., for the benefit of dis¬ 
cussing the specimen. Also to the Government Grant Committee of the 
Boval Society for defraying the cost of necessary photographs. 
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Explanation of the Ahbeeulatwns used in the Texl-Jiyatus. 
In text-tigure 1 letters a to r refer only to series of slides. 


In text-iigures ‘2 to 4:— 

h. Band below \uscular bundle, 
r. Cuticle of epidermis. 
d, Dividing cells of coik cauibitiui. 
c. p]pidermal cells. 

< 7 . Groand-tUsue. 
k, Hypodemal cells. 

Le, Lower epidermis. 
ph. Phloem. 


pji. Protoxyleni. 

1 tapper ipideiuiKs of lejil 
and adjacent leal*. 
s. Bundle-sheath. 
i. Xylem. 

s. Zone of hairs attached to lower 
surface of leaf. 



A KnBoi»i:AK pKTmrACtio^r with boua<je. 



explanation of the PLATE6. 

[All pbi)iograpb8 entirely untouched.] 

Platk 19 . 

Fig, t, Phutograpli of transverse section, natural size. Out from level m (see text-fi^^. 1), 
showing the small axis of the trunk surrounded hy leaf-bases. 

Fig, 2 l^hotograph of transverse section about once-and-a-half times natural size. Out 
from level p (see text-fig. 1), showing clearly the oval pith surrounded by the 
oval vascular cylinder (»f the axis, broken by the leaf-traces. Attached and 
associated leaf-bases surround tlie cortex. 

Fig. .‘1 Photograph of the old longitudinal section of the upper part of the axis and leaf- 
bases^ natural size. 

Fig. 4. Pliotograph of part of the pitli from the lowe^t section of the axis, level r, text- 
Hg. 1, showing the normal tissues of the pith and also the greater part of the 
circle of unusual tissue, supposed ** separation layer ” s. The central cells of this 
circle of tissue are much decomposed. 

big. »*). Photograph of about half of the mass of large thick-walled ramenta forming a 
pseudo-leaf-base area, and part of a second such, these are separated by 
drifts of .small-celled ramenta, ir. 

Fig. 0. Small part ol a leaf-base much enlarged, showing epidermis with thick cuticle, 
here appearing as a dark line c, broken by the inseHion of a rameiitum. Compare 
with text-tig. 2. 

Plmi 20. 

Fig 7. Pliotograph of rachis, showing its hor^ie-shoe shaped vascular bundle. On the 
right a few pinnsB are attached to the rachis. 

Fig. 8. Photograph of a group of pinme surrounded b\ ramenta. 

Fig, 9, Photograph of part of a similar gioap of pinnie further enlarged. Between each 
leaflet (1) a zone about the thickness of each leaflet can be seen (s), This should 
be compared with tig. II and text-tig. 8. 

Fig 10 Photograph of corner of one of the pinnae, showing the heavily thickened hypoderm 
at the cornel, the bundle-sheaths, etc. 

Fig, 11. Photograph of the corners of two pinme (/) showing clearly the tissue-like weft of 
hails (a) growing from the lower surface of each leaflet and packing spaces 
between them about the size of the leaflets themselves. Compare this with 
text-tig. 8 and also with fig. 9. 

Fig. 12 Pbotograjih of part of a closely folded leaf, taken through the middle ports of the 
pinme where they have less thickened tLsuc't, and where the pinnie lie closely 
packed without the wefts of hairs between each. Note how near together the 
vascular bundles lie. Note also the contrast between the chai’acter of the leaflets 
here and in fig. 11. Compare this with text-fig. 4. 

[For photographs 1, 2, & 8, Plate 19 , 1 am indebted to the skill of Mr. F. Pittock 
of University College: the others 1 took myself.] 
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The Bclation Wtweeii the Alga and Fmigiis of a Lichen. By IlonhUT 
Paulson, F.L.S., and SoMBttviLLE IIasjinos^ M.S., F.H.C.y. 

(Platls 21 & 22 ) 

[Head Gth June, 191S,J 

Kboent writers on the subject of the relation that exisis between the alga 
and fungus of a lichen have supported the view that hyplnc, functioning as 
haustoria. penetrate the living algal celL, and gradually absorb their 
contents until only empty colourless cell-N^alls or walls encloMiig a network 
of hyplial threa<ls, remain. Upon this conclusion is based, to a great extent, 
tine theory of parasitism on the ])ait of the fungus, the algal cell being 
‘regarded as a helot that gains little, or nothing, by leason ol the close 
association of the two organisms. 

The literature of the subject ^hows a complete lack of agiecnnont as to 
what takes place after the algal cell has l)e(*n |)enetrated. oi as to whether 
the cell is pierced at nil in the living stato. lledlund (6) 189:^ was of 
opinion that the piotoplasm Jetreated, lonning a concavit> l)efoje the 
invading hyphal thread. Schneider (8) 1897 savs, ^^The haustoriuin, alter 
entering the cc‘ll, develops a much branched network winch encloses but 
does not penetrate the cell-]»lasm.'^ Peirce (7) 1899, affirms "‘That certainly 
the haustoria do penetrate th(‘ protoplasm of th(‘ gonidial cedis ot Hamalnia 
ietleulata."' Eleiikin ( 4 ) 1900, when developing his theoiy ol tmdosapro- 
phytisn), concluded that ‘‘The paiasilie action ol the fungus haustoria on the 
algal cells has been inoje or les^j prov<»d in c*omparatively few cases"' ; while 
Danilov (3j, a translation of whoso j)apei appeals in the ciiiient flune 
number of the ‘Journal of Botaii},^ holding views similar to those ol Peirce, 
claims to have shown, by drawings and photo-micrographs, that blanches ol 
excessively fine hyphal tilamentri, posvsibly without cell-wall, or with a wall 
so attenuated that it cannot lie demonstrated, pierce the cell-jilasm in every 
direction. He gives no definite information as to the trecjueucy ot pene¬ 
tration by liyplno in tin* case of the material he usetl, but leaves one to 
inter that the condition is to be legarded as quite noimal, and tlieieloie 
frequent, for he bases his theoiy of the relation betwwn tli(‘ two organisins 
upon his statement respecting the hypluc entering algal cells. On the othei 
hand, Elfviug (6) 191J says, respecting Kx^eraia furfuracea^ “The torination 
of haustoria upon the byphse which grow into the lumen of gonidial cells, as 
represented in popular textbooks and dehcribed for other species ot lichens, 
was extraordinarily rare; m my material only on a single occasion have T 
seen such a haustorium ; while the extremely line haustoria desciibed by 
Danilov^ as specially occurring in the present species, 1 have never soon.*' 

The present investigation was undertaken for tin* purpose of obtaining 
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iwom definite information a» to the frequency of penetration, if any, in Borne 
of our common lichens. For the purpose we have used as material 
Hamalim calicam, li. farinmea^ Usnea fiorida^ Platysma ylaucum^ E^nia 
liTunastvi^ Parmelia saxatilisy P, mlmta^ P. caperata^ P. acetabulum^ P./uU^ 
Ipnosa^ P, phpsodfs, Xamthoria parietnia^ Physcia pulverutenta, Cladmiia 
pi/yfdaia^ (\ voceifera^ (A diyitafa^ C. macilenta and C, aylvatka. Our speci¬ 
mens were collected mostly in the Home Counties, either during the months 
of February and Marcli or through the autumn months of September and 
October. Lichens are probably at their most active period of growth, in the 
south-eastern part of ihi'^ country, during the early months of the year, for 
it has been found by us, that the proceiss of multiplication of the algal cells 
is exceedingly active' during that season of the year ; so much is this the 
case, that, in growing portions of the thallus the number of gonidia under¬ 
going change is so great Ibat full-sized cells, in a vegetative state, are 
comparatively few (PI, 21. pboi. 1). 

Sections cut from fresh material w('re examined in water to which 
5 per cent, of pure glycerine had been ad<led, together with a small quantity 
of 7!) ])er cent, alcohol. Other material was fixed either with absolute 
alcohol or in a chromic acid solution, prepared according to Schaffner^s 
formula, vi/., chromic acid gr., glacial acetic acid 3 c.c., \\atcr 100 c.c. 
This latter gave excellent results with little or no shrinkage. Small portions 
were left in the solution for 20 to 2k hours and w^(‘re then thoroughly 
washed in distilled water for at least 12 lioiirs. Fixed material was 
embed(i(*d in paraffin and cut with a microtome in ribbons from 2 to 7 /i in 
thickness. 

Methyl green was found to he a most useful stain for fresh material as 
the fungus becomes blue and stands out in contrast with the alga which 
remains green. For fixed material we selected Bonney's (1) staining 
medium, Raidenbain’s iron aluin-hsematoxylin and cyanin and erythrocin, as" 
differential stains. 

Bonney^s triple stain was tried as an experiment, for it was previously 
known to us as a stain lor animal tissues only. Uur object was to find 
a reliable reagent that would clearly differentiate the alga and fungus, and 
also show distinctly the various parts of the algal cell and the hyphal thread. 
With this medium the algal cells become orange-coloured, the central so-called 
pyrenoid (nucleus ?) reddish violet, and a small lateral body, surrounded by a 
light area, is stained a dark purple. The hyphal protoplasm also becomes 
purple. Many of the younger gonidial cells are not stained in the same 
manner as the mature cells; the latter, as we have already stated, become 
orange-coloured, while the former stain dark puiple. We suggest that the 
difference in colour is due to the fact that the large cells are cut through 
when sections are made, while many of the smallest cells remain entire, and ' 
the colour which comes out so readily from cut cells, when washing the 
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skaiiiod sections witli orange acetone, is not so easily withdrawn from those 
cells that arc entire. This difference in coloration is also noticeable when 
using an aqueous solution of methyl green on fn^sh material for, within 
a few seconds, the daughter colls become bright bliK', as do the hyplije, while 
the older colls remain green, unless ke])t in the stain for several days. In 
this case there is no cutting of cells, they are simply teased out of the 
hyj)hal network ; the older eell-wall resists the eniranc(‘ of the >tuin much 
more than does the thin newly-formed wall of the young cells. 

In introducing his new triple stain, 1908 (1), Bonney says : “ The process 
is as follows :— 

bolutioHS. 

1. Methyl violet. *20 gramme. 

Pyronin . 1*0 ,, 

Distilled water.ad. 100 e.c. 

y.B —Make the solution by heal, and filter. Label ‘ Metliyl-Violet- 
Pyroniii KSolution/ 

‘‘2. To 100 c.c. of Aceton(‘ slowly add, drop by dro[>, fron) a drop bottle, 
a 2 per C(‘nt. a(pieous solution of Orange U. (made by heat and 
filtered). 

“ Whilst adding 1 he solution of the stain, keep siirring and rubbing the 
mixture with a glass rod. Wlien the fluid lias attained a pale yellow colonr, 
a faint cloudiness appears. Further addition of the stain inereases this 
until a flocciilont jn’ecipitate is formed. Continiio the addition of the 
Orange (}. drop by drop, and tins precipitate presently redissolves. Imme¬ 
diately this has taken place, filter into a bottle and label ‘Orange Acetone.’ 

M(*tho(l, 

“1. Fix material in Acetic Alcohol ((rlacial Acetic Acid F.F. 14*7®~l5°(k 
1 part, Absolute Alcohol 2 parts). Alcohol, or Sublimate Solution, 
Ohroinates and Formalin nmder the method useless. unle-'S sub'^equent 
to staining the sections are treated by oxidising agents. 

2. Stain for 2 minutes in the Methyl-Violet-Pyronin solution. 

3. Wash rapidly in water and wipe all the slide dry e\cci)t the section. 

4. Flood the slide with Orange-Acetone. A colour-cloud conn's out. 

Pour off aud flood again—when no more colour comes out. 

5. Wash rapidly in pure Acetone, and 

6. Transfer to Xylol and mount.” 

The whole process should not take more than five minutes, and 2 >robably 
less. 

In using this triple stain we found the best results were obtained by a 
slightly slower process than that suggested for animal tissues, thus the 

him. JOUKN.—BOTANY, VOL. X1.JV. 2 S 






MKP.SRS. R. FAUL«»OK 3. OK a*l4l^ 


4eeijot) remained in the Methyl-Violet-Pyronin for 5 minntea, aqd ibe 
wliole process took about 8 minutes. 

Haidenkain's iron-alum4uematoxylin is a most useful medium especially 
for bringing out the structure of the chloroplast. The scHcalled pyrenoid 
and the small lateral body already mentioned are remarkably distinct after 
the application of this stain. 

Brythrocin and cyanin, which have been recommended for sections of 
lichens, diflEerentiate the two components, but the reaction is not quite reliable. 
With tlie best results from this combination the gonidia Iwome blue, 
the so-called 2 >yrenoid dark blue, while the hypha' take a pinkish-red 
coloration. 

(Jimidia were examined, in the first case, in sections cut immediately 
after gathering the specimens. They were either in that is, in the 
normal i)osition among the hyphal threads, or were slightly separated from 
the section while it was tem 2 )orariIy mounted in glycerine and alcohol. 
Under these conditions and after frequent washings of the entire specimen 
in distilled water, a small number of stray algjc were sometimes <51111 present, 
but there was no difficulty in deciding which was the true lichen gonidium. 

In the species of lichens enumerated above, the shape and size of the 
gonidium, and the shape and structure of the chloroplast and so-called 
jiyrenoid are remarkably uniform. When saying this we do not forget 
that there may be considerable physiological differences in the algal cells as 
stated by Ohodat (2) as tlie results of bis culture e\})eriments. Our investi¬ 
gations respecting the relationship between the alga and the fungus have, 
however, b<'en strictly anatomical. 

Fully developed gonidia of the lichens in question liave a diameter ranging 
from 10 to 20 with an average aj)proxima(ing to 12 fi. They are spherical 
except when subject to pressure, wdjich is especiall y present at the time when 
large numbers of new cells arc being rapidly added to the gonidial layer 
(PI. 21. Phot, 1), The outer surface of the cell-wall is perfectly smooth. 
The chloroidast is large and difl’ers somewhat during the development of the 
cell. In the daughter cell it is generally smooth in outline, but, as the cell 
enlarges, the chloroplast becomes very minutely verrucose. It is seldom 
sufficiently irregular to warrant the term stellate unless this term is 
employed simply to distinguish such a form from the cup or bell-shaped 
chloroplast which is commonly found in members of the Chlorophycefie. 
Huch a well marked stellate form as that figured by Ohodat in the ‘ Mono- 
graphie d^Algues en Culture Pure,’ under CyHococcm Cladonia*^ Chod., we 
have not seen in the gonidia of Cladoma pyxidata when forming a component 
of the lichen. 

It is quite clear that the microscopic characters of the chloroplast have not 
been stated with any great degree of definiteness by the older writers, and 
for this reason it has been not without difficulty that a decision could be 
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arrived at as to the exact shape of the chloro|)last of the alga frequently 
associated with many foliose and fruticose lichens, and referred to by them 
as Cystoeocm(s hwnicola^ Niig. 

Elfving (6) m Aefiorihing J^vernia fu7]furaCHI^ Ach., says,the gonidium 
oontainsa hollow spherical chloroplast cut inio on one side/^ but the illus¬ 
trations in his paper ‘‘Untersuchungen fiber die Flechtengonidien/’ 19115, 
do not make this “ cut into one side"’ at all conspicuous. 

There is no vegetative <livision of the gonidia that we have examined, but 
increase in their number results from the production of daughter gunidia 
(reduced «oogonidia)Jornied by the division of the protoplast into 4, 8, 1C, or 
32 masses. Frequent numbers are 8 and It). Division seldom stops at 4 
and rai’ely exceeds 1C (PL 21. Phot. 1, </.//.). It has not been possible, so 
far, to follow the division of an individual protoplast, but in sections of 
material where the formntion of daughter gonidia wms actively taking place at 
the time of fixing, various stage^^, from the commeucerneni of changes in the 
mother cell to the formation of the daughter gonidia, are represented. The 
newly-formed cells rapidly become spherical, secrete a cell-wall, develop a 
conspicuous so-called jiyrenoid, and exactly resemble in miniature a mother 
cell. The wall of the mother cell is absorbed, for w’^e can trace no rupture 
of the cell-wall to allow of the escape of daughter gonidia. The empty 
gonidial cells, which always occur in varying quantities in a lichen thallus, 
cannot be regarded as those from which daughter gonidia have escaj)ed, for 
these latter remain in the original groups after the mother cell-wall has 
entirely disappeared, and it is the growth of hyplue between and around the 
newly-formed gonidia that forces them apai’l: or binds ihein together into 
irregular masses. The empty and partially empty cells are the result of the 
disorganization of the protoplast, but such change is not by any means duo 
only to the effect produced by the penetrating hyphal filaments. The whole 
of the contents of a gonidium may be alisorbed, normally, without any 
apparent penetration of the cell-wall. Under the conditions in which 
gonidia exist death frequently occurs, it would appear, owing to the great 
number of gonidia produced at the time of sporulation, and to the con¬ 
sequent crowding together and lack of air. Daughter cells are often 
abortive before the mother cell-wall has disuppeareiL 

We have not found a nckral layer such as Elenkin (4) figures in 
sections of Acarospora glancocarpa and Lecuha atrobrmiea^ but we liave 
seen a relatively small percentage of dead cells after using (fiilor-Zinc- 
lodine, w^hioh makes them stand out very distinctly from the living gonidia 
and hyphsB. Danilov states that the substance in partially empty cells is 
fungoid, that is, it represents the fine hyphal filaments that penetrated the 
living protoplast and absorbed its substance. It is true that the sub¬ 
stance within a partially empty cell sometimes stains blue immediately on 
the application of an aqueous'sohition of metbyl green, as does the proto- 
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plasm of the hyphal thread, but this is owing to a difference in permeability 
of the dead and living cell-walls, for the contents of a living cell are stained 
similarly if left in the stain for a few days. 

-A large central so-callod pyrenoid with a diameter of about one-third that 
of the cell, viz., 3 to 5/a, is almost invariably present (PL 21. Phot. 1, w.). 
Jt is there, in the newly-formed gonidia, at a very early stage, when the 
diameter of the gonidium does not exceed 2 /x. It is readily seen in gonidia 
from fresh materia), and stains ^ery quickly in that which has been fixed, so 
much so, that ii becomes a prominent feature in all stained preparations 
except in cells about to sporulate, and in the separated masses of the 
original protoplast immediately after division. We regard it as the nucleus 
of the cell. 

With Bonney's or Haidenhain’s stain the so-called pyrenoid (PI. 21. 
Phot. 1, «.) shows a definite structure, not merely on the circumference, 
where it might be interpreted as being due to am}loid substance, but a 
structure that runs throughout the whole body and is seen in all sections in 
whatever direction the cut may be made. It certainly has not a distinct 
crystalline form such as that which is often figured. 

In some sections there are celU which we have named twin gonidia 
(PI. 21. Phot. 2). It appears that two of the eight or more daughter cells, 
while still within the mother cell-wall,instead of secnding each its own cell-* 
wall become surrounded by a common boundary. It does not appear pr()l)able, 
after the close examination of many preparations, that division of the proto¬ 
plast into two portions only takes place. These twin gonidia are mostly 
equal or nearly equal in size, but occasionally one normal while the other 
is crushed against the common cell-wall during the (‘arly stages of de\elop- 
mont and so remains quite small. 

We regard the formation of daughter cells as a perfectly natural process 
taking place abundantly at a d(‘finite period of the year. Danilov suggests 
that division of the protoplast takes place uftei the gonidium has been pene¬ 
trated, and that the change is probably an effort to ensure that some of th(^ 
protoplast of the invaded cell >liould esca])e contamination by the fungus 
plasm. The great activity in the formation of spores at a ccu’tain definite 
season of the year leads us to the conchiMon that the formation of spores 
corresponds to the similar process that takes place when isolated gonidia are 
cultivated upon agar-gluco.se and are not subjected to any excitement from 
fungoid hyphaD. 

The diameter of the hyphal threads of lichens varies with the species, 
much more than does that of the diameter of the gonidia. Taking the 
hypha of the medulla, that part where the hypha is the least modified Jti the 
lichen thallus, we find that the diameter varies from 3 to 4*5 /i. It may be 
3^ in one species, 4*5 in another, while the mature gonidia have the same 
average size in both. The symbiont fungus differs, while the alga appears 
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to remain constant in a large number oF lieliens. On tlio nppor surlaeo, the 
hyphee anastomose and become so (doscdy welded together Unit the separate 
threads cannot bo recognised, and a false tissue results (PI. 21. Phot. 3). 
The hyplise of the gonidial layer have thin walls, they branch frequently, 
and are shortly jointed. These short branches, in contjud with algal cells 
swell out considerably into pyriform ends, and )n*esent a large surface of 
contact with the cells that they surround (PI. 21. Phot. :>). Sometimes a 
gonidium is attached to the end of one of the hliort hyphal branches and 
looks as if it had been cut oft’ from that branch. The reagent (^l.Zn.l. 
differentiates the cell-wall of the spherical cell from that of the branch. 
The hyplnc of th(‘. medulla form a loose felt with abundant air spaces 
(PI. 21. Phot. 1). 

We have noted two forms only of contact between hypha and gonidium : 
(1) when the gonidium is surrounded with loosely'ap|)lie(t livpluc, '"the 
simple contact” of Schneider, (2) the intimate contact wher(‘, by a modifi¬ 
cation in shape, the hyj)ha presents a large amount of surfac(‘ to the gonidium 
to which it attaches itself. Such branches ar(‘ known as (‘xtra-cadlular 
haustoria. We have not found a case that could he regard(‘d as detinit(» 
hyphal penetration of a living cell l)y intra-cellular haustoria. From this it 
follows that the occurrence of fine gelatinous filameiils, protruding from a 
penetrating hypha and forming a network surrounding and even j)enetrating 
ihe chloroplast, have not been seen, consequently we are unable to a(*cej>t 
any theory based solely upon their existence. Cases sometimes occur v^bi(^ll 
resemble a network of threads around the chloroplast. The ap[)earan(‘c is 
duo occasionally to plasmolysis, and can be produced by placing sections of 
fresh material in pure glycerine. The beautiful reticulation of the cyto¬ 
plasm (PI. 21. Phot. 2) also produces tlie appearance of a network of threads 
under certain conditions of th(» microscopical illumination of the object. 

It has already been mentioned that the mature chloroplast is a spherical 
body covered with minute verrucose protuberances. A minute obj(*ct witli 
such a structure is likely to give rise to the formation of a defective image if 
the illumination from the suhstage condenser of tlie microstjope is not p(‘rfectly 
centred, and when there is a misprision of focus. A defective image may 
also be produced by using a smaller cone of light than that re(iuired by the 
numerical aperture of th(» microscope objective in use. The defective image 
in each case gives more or less the appearance of threads passing over the 
chloroplast. 

The condition of the protoplast of the gonidium, just previous to the 
formation of spores, presents features that are diftieiilt to explain, hut no 
penetrating hyphoo have been found in sucli cells. 

With the microscope alone it is extreimdy difticult to decide even the 
family of the (^hlorophycese to which the green spherical gonidium, common 
to a large number of lichens belongs, and as w^e liav(’ not attempted to curry 
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Ottt the culture method, we present the result of observations based alone 
Upon the microscopic image. 

West (9) says : “ A few of the Chloroph/cete have become constituents of 
the thalli of many lichens .... It is mostly one or two of the unicellular 
and colonial members of the Protoeoveaepw which are thus found.^’ In the 
same work he states Chiorococcvm^ Fries, 1825 [ ==: Cijstococcus^ NUg*, 
1849],'’ so that the name so long associated with the gonidia of lichens is 
now Chloroeocnim Jutmirol(u 

As a result of the present investigation, we have arrived at the conclusion 
that the goniduim of the lichens mentioned in this paper is most probably 
a species of Chlorella, and that the daughter gonidia are reduced zoogonidia. 
West (9) suggests that this is not unlikely the exj)Ianation of the similar 
form of reproduction in the case of free (Idorella. We do not attempt to 
name the species that forms the algal symbiont, but it is perhaps worth 
noting that the mature gonidium of the lichens already referred to has a 
greater diameter than that of a free cell of ChUmdla vuUjaris^ Beijer., and 
that during the formation of daughter gonidia, the number of such produced 
within the mother cell of the lichen gonidium is larger than the number 
formed in the free cell. 

There is reason tor concluding that Protocoocifs vir{dU\ Ag., forms the 
gonidium of very few of the common British fruticose and foliose lichens, 
for we have not met with any veg(‘tative cell-division whatever among the 
gonidia of the material that we used. 

While engaged on that part of our work that required magnification 
of from 800 to 1000 diameters, we hav<' used a Zeiss 2 mm, achromatic oil- 
immersion objective with an achromatic oil-condenser. 

The photographs were voluntarily prepared for us by Mr. el, H. Pledge, 
F.R.M.8., who had at his disposal, by permission of the management, the 
whole of the apparatus of the physical laboratory of the Kodak (Company’s 
factory at Harrow, He employed a Leitz 2 mm. apochromatic oil-immersion 
objective, a Beck oil-immersion condenser, "Watson ‘‘Hoios'’ oculars, x5, 
X 10, and sometimes a Zeiss x 2 projection eye{)iece. Colour screims w^ere 
used to accentuate or suppress certain details of the preparation. We ghuily 
avail ourselves of this opportunity for expressing our indebtedness to him 
for the skilful care exercised in the production of the photo-micrographs. 

We take this opportunity of thanking Professor G. S. West, who most 
generously gave us advice and kindly examined some of the preparations 
from which the photo-micrographs had been taken. 

Summary. 

A summary of the investigation may be made by reference to Cladoma 
digiiaJta^ var. dfntienlata Acb.aisvar. nwmtrosa Nyl., the lichen which has l>eeu 
used as inaterial for many of our preparations, 
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1. The gonidium is spherical except when subject to pressure from other 
gonidia. The diameter of fully developed cells ranges from 8 to \ fi. 

2. The cliloroplast, in the mature gonidium, has a slightly uneven surface. 

3. After fixing anil staining, minute reticulation of the cytoplasm is 
evident. 

4. The so-called pyrenoid (nucleus) is large and c(*ntral and exhibits a 
distinct structure throughout the substance. Its diameter i> roughly one- 
third that of the cliloroplast. 

5. A small lat(*ral body surrounded by a light area stains ilarkcr than the 
so-called [lynuioid ; it is very (‘onspicuous in many of tin* preparations ; it 
jirobably represents the centrosome. 

6. Twin gonidia fr<‘([uently occur. 

7. There is no vegetative cell division of the gonidium. 

8. The increase in the number of gonidia results from the formation of 
daughter gonidia, autospores (reduced zoogonidia). 

9. We have seen no penetration of gonidia by hyplue. 
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EXPLANATtON OF THE PLATES. 

PtATE 81 

Phot 1 Ciadoma ilufiiata Tran»v«rii6 section of asquamuie of tli6 thldilutt showiug gotiidui 
in \anoit8 stages of development 

H Nucleus; suriottnded by the ohloioplast On the pivcumfeiencc of the latWis a 
darkly stained body^ probably the centiosome. The cell-wall is indicated by 
a faint line against which are the cut ends of the hyphse 
iUf (iroup of daughtei gonidia. xlOOO 

i’hot 2 Section as in the above Twin gomdia with common cell-wall Note the reticula¬ 
tions of the cj tojilasm The cell-wall is indicated as in Phot 1. X 21500. 

Phot S Ciadama ffyttdata Transverse section ot a basal squamule showing part oi the 
goiiadial layei with pyriform ends of the hyphen closely attached to gomdia, 
the\ ei*e the extracellular baustoria. X 1000. 

Plats 22 

i 

Phot Cladonm diyitata Tiansveise section of a squamule of the ihalliis showing a 

1,2, portion of the goiudial layei next the medulla The photographs exhibit four 

0 d. t planes ut the same section of difleient depths On the leit is a mature gonidium 

m a plevusot h^ph<c, on the light a gioup oi daughtei gomdia being surrounded 
hyh>phcL. XlOOO 
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1. Jntrothiction, 

Impbe8BIONS or casts o£ the external features of Calamite stems are still 
very little known in comparison the pith casts of tho same plants. As 
fossils they are not only much rarer but usually more fragmentary than the 
modullury casts, and for this reason little attention has been paid to them 
hitherto. Examples of external impressions of these plants have been figured 
from time to time by various authorities, including Sturt, Weiss J, and 
Solms §, and, in quite recent years, especially by Joiigmans || and KidstonlF. 

In all four of the large monographs which we now possess on the 
Calamites by Stur, Weiss, Kidston, and especially Jonginans, by far the 
greater number of the figures relates to pith casts. As a rule examples of 
both medullary casts and impressions showing the true external features of 
the stem are mixed together in confusion and are all referred to a common 
genxiB^Calamites* Neither from the generic nor the specific names 
employed, can one distinguish whether one is dealing wdth pith casts or 
with the rarer external surfaces of these stems. 

In the largest and most recent monograph of this genus, that by Kidston 

♦ Owing to the death of I)r. Arber the final revieioii of this peper has devolved entirely 
the junior author, 

t Star (1887). t Weiss (1876) (1886). § Solms (1891) p. 317. 

[ Joi^nians (1911), Jongmans k Kukuk (1913). 

f Kidston k Joagmaus (1915). 
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Bfid Longmans an advance copy of the text of wbieh we have had an op{Hir« 
toiiity of studying, thanks to the kindness of Dr. Kidston, the same 
amnaement still holds, though here for the first time a systematic attempt 
is made to discriminate between the two forms of preservation. 

It is hardly necessary, however, to point out that incrustations of the 
external features of the stems of these plants are of an entirely different 
morphological nature from the medullary casts. It was for this reason that 
the senior author t of the present paper proposed, in 1916, a new form genus 
Calamophloios for their reception, with the exception of the very distinct 
type J)icfi/ocalamitex J. There are also other considerations to which we shall 
refer more fully at a later stage (p. 513) which lead us to adopt these genera 
here, though as will be seen they admittedly involve some difiSculties as 
regards the specific nomenclature. 

In the present paper we are concerned rather with the morphology than 
the taxonomy of these fossils, though since our conclusions on the latter 
point differ somewhat from those of Kidston and Jongmans in their recent 
work (1915), we have added a short systematic revision of the British 
members of these genera which are best known to us. The synonymy of 
those types is pure in the sense tint it excludes all examples which are 
simply pith casts or at any rate not incrustations of the true evternal 
surface. 

We take this opportunity of expressing our thanks to Dr. Kidston for the 
negative of one of the figures here reproduced. 

2. The External Morphology of Calamite Stems. 

It may perhaps be well to commence our study of the external morphology 
of Calamite stems by some brief reference to the pith casts, the characteristics 
of which are now, in the light of petrified material, very thoroughly under¬ 
stood. Pith casts always show the following features :— 

1. Nodes or constrictions of the stem at regular or irregular intervals. 

2. Internodes or intervals between nodes. These may be long as compared 

with their breadth or tnce versa^ regular or inegular in size, or again 
periodic in the arrangement of a series of longer or shorter internodes. 

3. Internodes ridged and grooved. The ridges may be of all degrees of 

fineness or coarseness, sharp or flat, broad or narrow. In most 
Calamites the ridges of one inteinode alternate in position with those 
of the internodes next above and below. 

In addition, true pith* casts, as opposed to sub-medullary casts, mBy 
show: 

4. Infranodal canals. Small prints, formed by the openings of infranodal 
, canals into the pith, one on each rib just below the nodal line. 

♦ Kidston Jongmans (1915). t Arbor (1916). | Arbsr (1912). 
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5. Branch sears. These may or may not be present. Where they occur, 
they are situated just above the node. 

Three types of pith casts may be distinguished by the presence or 
absence of branch scars, and their distribution ; 

(a) Emalamites : branch scars occur on every node, 

(b) Calamitina : branch scars occur in periodic whorls, each branch- 
bearing node being separated from the next by a variable 
number of nodes without branch scars. 

(c) Stylocalamites I branch soars absent, or rare, or irregular in 
distribution. 

It has also been pointed out by one of us * that sub-medullary casts are 
frequent among Calamites. The surfaces of these casts do not represent the 
periphery of the pith, but a more external region within the secondary wood. 
These sul)-medullary casts are characterised by very broad ribs corresponding 
to the medullary rays and by the absence of infranodal scars. Since they 
represent a region external to the pith, they naturally do not show the prints 
of the openings of tlio canals into that region. Such sub-medullary casts 
are specifically indeterminable. 

Specimens have also been figured by various authors which show the 
impression of the secondary wood, and which are neither medullary nor 
external casts. These need not detain us here. Such examples are easily 
recognised by the absence of nodes, though in Eucalamitean types one row of 
branches passing outwards clearly indicates the position of these regions. 

On the other hand, casts or impressions of the external features of the 
stems of Calamites show the following characters :— 

1. Nodes. It is imagined that these correspond in position to the nodes of 

the pith, though this fact has not yet been demonstrated. Petri¬ 
factions are almost silent on the subject of the external features of 
Oalainite stems, since petrified Calamites have so far proved to be 
almost always decorticated, except in the case of very young twigs. 

2. Internodes, which may be smooth or longitudinally striated, or partly 

smooth and partly ridged. 

3. Leaf scars occurring on the node and representing the points of 

attachment of the leaves. These, how^ever, are by no means always 
present. 

4. Branch scars, which may or may not be present, and which if they 

occur follow the same types of distribution as are met with in pitli 
casts. (See p. 512.) 

5. Other features are root scars, frequentlj^ present on the nodes, and also 

in some cases scattered over the surface of the internodes. 

We now propose to consider Uiese features more in detail. 

* Arber(1918), 

2 T 2 
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Si»i0i,-^The nodes of the extenvxl surface of Cal(miu$ rsiXf eomewhai in 
prominence. In many species they appear to be of the nature of constrictions 
or shallow grooves, as for instance in the examples of C. briiannieus and 
V. congenius and other types figured here (<?/. PU 23« figs. 1 & 2). In other 
cases the nodes appear to be strongly salient, especially in the case of those 
nodes which bear branch scars, e. g. C. Sachsei (PI. 24. fig. 16) and C, 
cillatus (PI. 24. fig. 18). 

Tnternoies ,—^Tlie specimens figured on Pis. 23-25 are ohosen primarily to 
exhibit the characters of the internodes in different types, end are not 
intended to represent the features of all the specimens of the external 
surfaces of Calamites known to us. 

In studying the external features of Calamites one difiiculty in particular 
is always present. It is often not easy to decide whether the features 
exhibited by a particular specimen represent a truly external surface or a 
somewhat decorticated example. It may in fact be found, when better and 
further examples of some of the types here described are available, that we 
have mistaken sub-cortical surfaces for the true external surfaces. Thus in 
the case of some species in which, on the present evidence, we are inclined 
to think that the external surface was distinctly ribbed and not smooth, it 
may eventually prove, when better specimens have been obtained, that wo 
have been mistaken in this respect. For the same reason we have perhaps 
maintained a larger number of species than will eventually be admitted by 
other workers. With regard to the terminology, we propose, for the sake 
of convenience, to speak of the more internal surfaces as sub-cortical. It is 
quite clear from our knowledge of the petrifactions of Calamites that the 
features with which we are concerned hero are connected with the marked 
activity of a cork cambium. In fact they are, whether truly external or 
sub'..cortical, botanically of the nature of cork, either periderm or, more 
probably, phelloderm. 

It must also have been the case in regard to these trees, especially the 
older examples, that the outer corky layers were frequently exfoliated : or 
else destroyed by decay before preservation. In many cases, however, we 
think that the true external corky layer is still present. 

In perhaps the majority of species of Calamopldoios known to us the 
epidermal surface appears to be smooth, but it is nearly always possible to 
recognise by means of a lens a sub-cortical surface beneath, which is longi-* 
tudinally striated—the strim being usually fine, continuous or discontinuous. 

This is the case in C. hritanniem (PI. 23. fig. 1), C. Tugom$ (fig. 3), C. 
Sachsei (PI. 24. fig. 16), and C. undulatus (figs. 14, 15, and 17), This 
minute striation also occurs in the case of the foreign species C. ohhhachenm 
(Sterzel) ^ and C. dictyoderma (Kidst. & Jongm.)t. Ib other types the 

* Sterzel (1907) p. 436, pi. 67. figs. 1, 
t Kidston k Jongmeus (1915) 50, pi. 50. figs. 1 k S* 
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external surfaces of the internodes appear to be strongly striated longitu¬ 
dinally, especially in the case of 6\ majus (PL 23. figs. 5, 7, and 9) and 
C, verticHlatiis (PL 24. fig. 18). 

This ribbing is even more marked in the foreign species C. Parmni 
(Grrand’ Eury)*. 

In the case of t\ congeniuB (PL 23. fig. 2) we appear to have a quite 
unique type so far as Britain is concerned, in which the internode has two 
distinct regions : a central, with a smooth external surface, and a sub-nodal, 
above and below the central area, in which the internode is strongly striated 
longitudinally. The same feature is also seen in the foreign specimen 
Calamodendron striatum of Renault t, and in some examples of ( \ multimmisy 
Weiss f. 

In the case of L\ (cruciatus) Fdrsteri of Sierzel t the internodes between 
the nodal regions are not smooth, but are finely striated. The iiiternodes 
are also, here, much longer than in C. emujenius. 

Beginning with those cases in which the external surfaces of the inter¬ 
nodes are smooth, in the sense that they are not longitudinally striated, we 
have but few examples in which the surface is not relieved by ornamentation 
in some form or other. In the case of C. Svehowi (PL 24. figs, 11-12) the 
surface* is smooth and featureless, but faint sub-cortical striations can be 
recognised. In the undetermined specimen shown on PL 24. fig. 19, which 
may possibly represent the external surface of Catamites ('isti, the surface is 
smooth with a delicate sub-cortical ribbing. In other species the bark is 
ornamented, as it were, in various ways. Sometimes large and well-marked 
cracks, or shallow grooves, essentially short and irregular, and disposed in 
various directions, are present. The finer examples of these grooves may 
be distinguished as wrinkles. 

For instance, in C. hritannicus (PL 23. fig. 1) there are Iwo series of the^e 
furrows or wrinkles, the greater part of the internodes being wrinkled 
transversely, whereas below the node there is a series of short vertical 
grooves. In C. ruyosus (PL 23. figs. II and 6) the ornamentation is delicate, 
and though characteristic is somewhat difficult to describe, the surface of 
the internode being faintly rugose with numerous crowded irregular shallow 
pittings. In the case of C, paleaceus^ Stur §, the surface of the internode 
appears to us to be almost identical. 

In i\ Goepperti (PL 24. fig. 13) one of the features by which this species 
can be readily recognised is the presence of a number of vertical continuous 
or discontinuous deep cracks or furrows in the bark, the grooves being 

♦ Grand* Eury (1890) p. 211, pi. 14. figa. 6-8. 

t Renault (1890) [in Renault & Zeiller (1888)] p. 467, pi. 64. fig. 5. 

X Kidston & Jongmans (J916) pi. 114. fig. 1, pi. 117. fig. 1, pi. 127. 

§ Sterzel (1898) p. 59, pi. 7. figs. 5 & C, pi. 8. figs. 1-8. 

1| Kidston & Jongmans (1915) pi. 155. 2-8 
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Eiieqixlallj spaced. This feature is also seen in the foreign types C. nmcrth 
dUrnt^ Weiss and C. Gerniarianm (Goepp.) t* 

In 6\ xmdulatus (PI. 23. fig. 4, PL 24. figs. 15, 17) there are nameroUs 
^discontinuous grooves or wrinkles, mostlj* transversely disposed# 

These are the chief types of surface ornamentation known to us, and they 
appear to be often of considerable taxonomic value. 

With regard to the species in which the external surface of the intemode 
appears to be longitudinally libbed there is little that need be said. The 
ribbing varies considerably in its coarfeene<*s. In ( \ maju$ (PI. 23* figs. 5, 7, 
and 9, and especially PL 25. fig. 22) it is markedly prominent; in C. verti- 
cillatus (PL 24. fig. 18) the striations are also more or less strong and 
salient. 

In the foreign type C, pseudogermariaHUs $ (cf. PL 25. fig. 24) the 
ribbing appears to be less prominent. In C. discifer (fig. 23) the striations 
are very fine and close. 

With regard to the snb-coitical stiiations, which can generally be recog^ 
nised, they are usually line and sometimes discontinuous ; but in C, hntannievs 
they are apparently fairly coars(‘. 

We have here confined our attention almost entirely to the larger stems 
of Calamites. Smaller leafy branches, however, sometimes occur and have 
been figured by many authors, including Weiss. Some of these show nodal 
diaphragms. So far as our limited experience of the internodes of these 
smaller branches is concerned, they appear to be invariably smooth in 
surface. 

Leaf scars. —In our experience leaf scars of species of Calamophloios are 
only rarely distinct. In some fjpc'', such as 0. couffenius (PL 23. fig. 2) and 
C\ rugosus (fig. 3), they are totally unknown. They are perhaps clearest in 
C. Ooepperti (PL 24. fig. 13) and in the foreign types C. macrodiscus § and 
r. equisefinus ||. They are also fairly well seen in some specimens of 
C* majm. But we have observed no examples of the latter species in which 
they are as clear as in the Liverpool specimen, described a few year« ago by 
Groom and Lewis IT. We have, in fact, nothing to add to the account of 
these prints and their variation in shape and size as given by those authors. 
We may, however, remark that, as a rule, the scars are always approximated 
and chain*Iike in form. 

Branch scars, —The branch scars on the external surfaces of the Calamites 
closely resemble those so well known on pith casts, and so far as we are 

^ Weiss (1884) p. 94, pL 11. fig 2. 

t Kidston Sc Jongmans (1916) p. 79, pi fig. 2. 

t Kideten k Jongmans (1916) pi. 64 § "VVew (1884) p. 94, pL 11. fig. 2. 

Ij (1986) pi. 1. figs. 3^2. f Groom Sc Lewie (1012). 
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aware their distribution is tlio same in both cases. In size and shape the 
individual scars vary not only in di£Eereiit species of Calamopldoioa but in 
different specimens of the same species. As a rule, where the branch scars 
are approximated they are not all of exactly the same size. They appear to 
be typically quadrate in form with a central umbilicus. Where the scars 
in a whorl are crowded the form is sometimes more or less oval or circular. 
Among British specimens there arc, so far as we are aware, no great differ¬ 
ences as regards the shape of the branch scais, as there are, for instance, 
among certain foreign species, especially C. semicnrularis^ Weis«. 

In many examples the limits of the branch scars are ill-defined or the 
details are obscure (cf. PI. 25. fig. 24). 

Root scars. —The prints of root scars vary in size and are indefinite in 
shape. They are found both at the nodes and also in some cases scattered 
over the internodes (PI. 23. fig. 8, PI. 24. figs. 15, 20, PL 25. fig. 21). 

3. The Correlation of Specimens exhibiting the external features of 
certain stems with their pith casts. 

We now come to consider the possibilities of correlating specimens show¬ 
ing the true external features of the stems of Oalamites with the pith casts. 

Although so little attention has been devoted to the former type of 
incrustation, we know already that this question presents more difficulties 
than might at first sight he imagined. It is especially in view of these facts 
that it has been regarded as necessary to erect the genus Calamophloios* 

It is only quite rarely that the same specimen shows both the external 
surface of the stem and the jiitli cast. This is the case in the specimen of 
C. undulahis (FI. 24. fig. 15), the reverse side of which shows the {ith cast, 
and in the two examples of C. Suclmoi (figs. 11, 12) figured here. 

As a rule, only one type of preservation is seen in a jmrticular specimen. 
Supposing that type to be the external surface, can one be certain it always 
belonged to one particular type of pith cast, or vice versa^ We think there 
is already evidence to show that this is not a safe assumption, and that the 
external surfaces of these stems frequently present stereotyped morphological 
features. 

Dr. Jongmans* has stated that wdien stud} ing C. paleaceus^ Slur, he had 
become convinced that this species must represent the external features of 
C. ramoms. It was only when Dr. Kidstoii pointed out to him that this 
could not be the case, since the foliage and fructifications of these two 
Oalamites are quite unlike, that he realised that the external surfaces of 
C. paleaceus aud C, ramosus are practically indistinguishable. 

Thus the name Calamophloios rugosus Arber, is here used as a typo of 


Jongmans (1911) p. 122. 
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surface which two distinct species of Calamkes postess in eommen. 
Sttnilarly it is regarded as probable that CalainopfMan Oo^pjperti Ss iiei»e 
defined is common to at least two types of pith cast, Calamilina appn^imgiH 
' Brongn. {^C\ Schidzeiformis, Kidst. & Jong, forma tmldevihurffensk^ Kidst. 
& Jong.*) and Calamitina carians^ Sternb., but that it possibly does not 
include all the pith casts known under the latter name^ Likewise all pith 
casts of the JEnmlamites cruciatas type probably did not have the corre¬ 
sponding external features characteristic of Calamophloios conffenius m here 
defined. 

The problem is thus not so simple as it looks^ and some elasticity in the 
nomenclature is necessary if it is to represent the known facts. 

In general we have attempted to avoid adopting new specific names for 
the types of Calamophloios as compared with the pith casts, except where 
we know or suspect that stereotyping is markedly in evidence—as regards 
the external featuies. At the same time we think it possible that eventually 
a set of specific names entirely distinct from those of pith casts may be 
found necessary. 

It may also bo pointed out here, that a small difficulty arises as regards the 
nomenclature of species^ if the same specific name is used for both types of 
preservation. Thus while a pith cast may bei conectly designated as 
Calamitina undulatus (Brongn.), to call the corresponding external surface 
Calamophloios^ undulatus (Brongn.) would hardly be, strictly speaking, 
accurate, for there is no reason to believe that Brongniart himself knew of 
the external surface hut only of the pith cast of this fossil. Strictly 
speaking it should be Calamophloios vtululafus (G-oode), since that observer 
first figured and described the external suiface of this fossil. As, however, 
this method or that of supplying an entirely now’^ name lor each type (other 
than a pith cast) would tend to confusion on the one hand or a multiplicity 
of specific terms on the other, it seems, for the present at any rate^ to be 
advisable where possible to retain the same specific name for both pith oast 
and its corresponding external surface. If the name of the authority in 
brackets after the species is taken to imply not merely a displacement of the 
genus but a definite euieudation (which might, but need not, be written 
emend.)f the system can perhaps stand. 

With regard to the term Calamophloios itself it may be necessary to add 
a few words. A similar genus Calamodendrqfioyos has already been used 
both by Grand’ Eury f and Renault | in much tlie same sense as Calamo^ 
phloios hei*e, though with a more limited application relating only to the 

♦ Kidston & Jougmaus (1915) p. 101. 

t Graud^Eury (1877) p. 293. 

% Renault k Zeiller (1688) p. 402. 
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external features of a particular typo the pith cast of which is known as 
Eucalamites cruciatus (Stornb.). Qrand^ Eury’s term, however, is not only 
cumbersonie, but it can scarcely be retained now in view of the modern 
use of the word Calamodendron, as applied to one special anatomical type 
occurring among Oalamites. Tho roots of the \vor(ls Catamites and Calamo^ 
dendron have an entirely distinct meaning, and thus Calamophloios appears 
to Us to be preferable. 

The following table represents a preliminary attempt to correlate the 
specimens of British (^alamites showing the external surfaces, so far as they 
are described in the present paper, with their coiresponding pith casts. We 
prefer to keep the genus Catamites as a natural genus for the whole plant 
and not to confine it to fragments of pith casts as a form genus. The form 
genera which we nj)ply to the external surfaces of stems are Calamophloios 
and JHrtijocalamites^ while for tho i ith casts ue prefer Weiss’s terms, 
Eucalamites^ tStyloi ala mites^ and Calamitina^ as representing three as natural 
types as can be expected to be distinguished among such fossils. 

For further information on the correlation of other British and of foreign 
specimens the reader is referred to Kidston and Jongmans’ Monograph*. 


Correlation of the E,eternal Surfaces and Pith Casts of Catamites. 

Types of Extehnal Suiii acl. Oobkesponding Types of 

PiiH Casta 


Calamophloios hriiannicus (Kidston). 
Calamophloios comjenius (Ucnuult). 

Calamophloios rugosus ^Arber). 

Calamophloios Ooepperti (Ett.). 

Calamophloios majus (ITeistin.). 
Calamophloios discifer (Weiss). 
Calamophloios Sachsei (Stur). 
Calamophloios undulatus (Sterub.). 
Calamophloios verticillatus (L. & H.). 
Calamophloios Suekowi (Brongn.). 
(Unknow n)? cf. FI. 24. fig. 19. 
Dictgocalamites Burri (Arber). 


(Unknown). 

Evcalamite,s cruciatus (Sternb.) pars. 

Eucalamites ramosui> (Artis). 
Eucalamites paleaceus (Stur). 

? Calamitina approximata (Brongn.). 
? Calamitina varians (Sternb.) pars. 

? Calamitina rarians (Sternb.) pars. 
(Unknown). 

Calamitina Sachsei (Stur). 
Calamitina undulata (Sternb.). 

? Calamitina varians (Sternb*) pars. 
Stylocalamiies Suekowi (Brongn.). 
Stglocalamites Cisti (Brongn.)* 
(Unknown). 


* Kidston & Jongmans (1915). 
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4. A 8}friematio JRevuion the Sritith Speeies of OAtJMOVtIMKA 

and DlOTTOOAXiAMlTBS. 

Genus OALAMOPHLOIOS, Arber, 1916. 

(Phil. Trans. B. Soc., Ser. B, vol. 206. p. 140.) 

Diaqkosis. External surfaces of steins and branches of Calamitet. Inter¬ 
nodes smooth or striated. Stiiso not reticulate. 

Summary of JBritiih Species of Oalahobbloxos. 


1* C* britanmcu8f Weiss .... p. 516* 

2. C. conyenius, Arber.*. p. 517. 

8. C. ruffOifiB, Arber .. p. 518. 

4. C Ooeppertij Arber ..... .. p* 518. 

5. C. mqjuBi Arber. p. 620. 

6. C dmifer, Arber... p, 521. 

7. C, Saohtei, Arber. p. 521., 

8. C. undtdatuif Arber. p. 522. 

0. C. verticiUatus, Arber . p. 523. 

10. C. Suckowif Arber . p. 524. 

11. Miscellaneous specimens.. . p. 525. 


Oaijlmophloios bkitanniccs, Weiss MS. (Plate 23. fig. 1.) 

1886. Bucalamitu {CalamiteB) britmnicus, Kidston^ Ann. & Meg. Nat. Hist. ser. 6^ 
Tol. ii. p. 131, pi. 7. 

1900. Calamitee bntanmcus, Arber, Foss. Plants, p. 73, fig. on p. 50. 

1911. Catamites hrUannicue, Jongmsns, Anleit. liestimm. Kaibonpfi. West-Europas, 
vol. i. p. 128, fig. 118 on p. 123. 

1915. Calamitee britannicuBf Kidston & Jongmans, Mededeel. Bijkcopspor. BelfstofiP. 
No. 7, p. 160, pi. 119. fig. 1; pi. 122. fig. 2. 

Diagnosis.— usually broader than long or of about equal 
length and breadth. 

Bark with smooth surface, with shrinkage cracks or wrinkles. Oracks 
mostly transverse, short, deep ; but in the region of the node the cracks are 
vertical,well marked, and short. Sub-epidermal surface striated longitudinally. 

Leaf Bears small, lenticular, approximated or slightly separated. 

Branch soars elliptical or oval, several on every node, irregularly distri*« 
boted, distant. 

Dksobiption of SPjBomBN. —The specimen figured on PL 23* fig. slightly 
reduced, shows two nodes, and a complete internode exceeding 10 ems. in 
length and about 6*5 cms. in height. The surface has the leathery transverse 
wrinkles which occur also in the case of other species, e. g., C. undvlaJtuM. 
There is also a series of short vertical grooves or bark cracks immediately 
underneath tibe node. One root scar is seen on the higher, and a branch scar 
on the lower node. The surface is quite smooth, and there is no sign of 
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sub-epidermal striation. Possibly where the epidermis is removed and the 
sub-epidermal structure revealed, the surface might be striated as appears to 
be the case in Kidston’s type. The loaf scars are very indistinct in this 
specimen. 

Small scars occur on the nodes which are probably root scars, 

Distributio)), 

Middle Coal Measures—rare. 

South Staffordshire ; Yorkshire. 

Calamophloios coNGENius, Arber. (Plate 23. fig. 2.) 

1800. CaUtmodendvophloios oongenim, Kenaiilt, Flore foss. Terr, houill. Commentry, 
part 2, p. 464, pi. 50. fig. 6. 

1893. Catamites {cntciafus) septenarim var. fasciatus, Sterzel, Abhandl. K. Sachs. Gesell. 
Wissen. (math.-phys. Classe) vol. xix. pp. 58, 75, pi. 8. figs. 4 & 5. 

Diagnosis. —Intemodes very short, regular, 34-15 mm. long, much broader 
than long. Surface smooth, except on the borders of a node, where there is 
a small area, both above and especially below the node, in which the surface 
is strongly striated with very short strise. Owing to the occurrence of branch 
scars the margins of these striated areas are sinuate. 

Branch sears rounded or elliptical, small, many on each node, somewhat 
distant, alternating. 

Leaf scars unknown. 

Description of specimen. —The specimen figured on PJ. 23. fig. 2, slightly 
reduced, is, so fur as we are aware, unique from Britain. It was collected 
by one of us in 1905 from the Upper Coal Measures of the Somerset coal¬ 
field. Only part of the specimen—^which exceeds 20 cms. in length—is 
shown ill the photograph. It consists of a flattened stem with intexmodes 
about 6‘5 cms. in width. The internodes arc about 15-18 mm. in length 
and exceedingly regular. Each node bears many small oval branch seal's, 
somewhat distant from one another. For an interval of about 5 mm., both 
above and below the node, the internode is slightly raised and is strongly 
striated. Between these striated regions the internodo is smooth. The 
smooth area usually exceeds I cm, in length. Leaf scars invisible. 

Remarks ,—Kidston and Jongmans* include this type under C. muJtiramis, 
but in our opinion the British specimen figured hero and the examples 
figured by Renault an.d Sterzel, as indicated in the above synonymy, are 
entirely distinct from the pith cast named (\ multiramis by Weiss. It is 
clear that the characters attributed to the outer surface of this species by 
Kideton and Jongmansf Jive quite distinct from those of the present species. 

. ^ Kidston k Jonginans (1915) p. 171. 

t IhM. p. 172. 
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BtorBel * »&yB that in hid specimen leaf scars e^ist (Blaiteptiren 'rorhandeik) 
and again that the leaf scars are indicated (angedentet). We are^ however, 
unable to see any trace of these organs in the British specimen* 

Distribution. 

Upper Coal Measures—very rare. 

Radstock coalfield (Somerset). 

Calamophloios liUGObUs, Avhew (Plate 23* figs. 3 & 6*) 

1913. Calamttea ramosm var. ruffoamy Jongmans & Kukuk, Mededeel* E. Herbarium, 

Leiden, No. 20, p. 38, pL 33. figa. 1-8, 

1915. Calamitea carinatua var. ruffoauSy Kidston & Jongmans, Mededeel* Rijksopspor. 

Delfatofi. No. 7, pi, 41. ligs. 1-3. 

1916. CalatnopMoioa rugoauay Aiber, Pbil. Trans. Eoy. Soc. seiies B, vol. 208. p. 141, 

pi. 8. fig. 9. 

Diagnosis .—Internodes long, usually longei than bioad, rugose, with 
crowded, irregular, shallow pittings. AKo very faintly or (?) strongly 
striated longitudinally. 

Branch scarsy two on each node, ^ory large with a very large central 
cavity, alternating in position. 

Leaf scars unknown. 

Dbsobiption of bPEOiMENS.—The specimen figured on PI. 24. fig .3 shows a 
node with a fragment of a branch scar, and part of a long internode below. 
The surface of the internods is rugose, with numerous, crowded, irregular, 
shallow pittings. The lugose chaiacter is less inaiked here than in some 
other specimens. The sub-oortical suiface is clearly striated longitudinally, 
as is seen immediately below the node. This ribbing is of the type met with 
in the pith cast of ?Calamit€s Cisti (see p. 525). A fragment of an inter¬ 
node of another specimen, showing the rugose suiface more distinctly, is 
shown on PI. 23. fig. 0. 

Distribution. 

Transition Coal Measures—very rare. 

South Staffordshire. 

Middle Coal Measures—^rare. 

Derbyshire j Yorkshire ; Kent. 

Calamophloios QobpPebti, Arber. (Plate 24. fig. 13.) 

1654. Calamitea OoepperHf Ettmgshaasen, Abbandl. k.-k. Geol. IleiohsaiiBt. Wien, voL ii. 

part 3, No. 3, p. 27, pi. 1. figs. 3, 4. 

1874. Qaknnitea vertiaUlatua, Williamson, Pbil. Trans. Hoy. Sop. vol. 164, pp« 66 dl: 80, 

pL 7. fig. 45. 

1875. (khmitma Goppertiy Weiss, Abbandl. Geol. Specialk. Prenss. vol, ii. part 1, 

p. 127, pi. 17. figs. 1 & 2. 


Sten:«a(1896)p.75. 
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1B84. Calamites (Calannitna) variam inconstanSf Weiss, AbhaBdl. Oeol. Specialk, Preiiss 
vol. V. part 2, pp« 02 & 69, pi. 16 a. figs. 7 & 8; pi. 26. fig. 2. 

1884. Catamites {Calamitina) varians abbreviatus, Weiss, ibid, vol. v. part 2, pp. 62 & 73 
pi. 16 a. fig. 10. 

1880, CalumophyUites Goeppertif Zeiller, Flore foss. Bassin houil. Valenciennes, p. 363, 
pi. 57. fig. 1. 

1899, Catamites varians^ Hofmann & Ryba, Leiipfl. p. 23, pi. 1. fig. 1. 

1901. Calamitina Obpperti^ Kidston, Proc. York. Geol. and Poly tech. Soc. vol. xiv. 
part 2, p. 223, pi. 34. fig. 1. 

1901. Calamitina vanans var. inconstam, Kidston, ibid. p. 201. 

1911. Catamites CRippertiy Jongmans, Anleit. Bestimm. Karbonpfi. West-Europas, vol. i. 

p. 82. figs. 81, 82, 

1912. Catamites {Calamitina) Ooepperti, Vernon, Quart. Journ. Geol. Soc. vol, Ixviii. 

p. 622, pi. 57. fig. 10. 

1913. Catamites OoeppeHiy Jongmans & Kukuk, Mededeel. R. Herbarium, Leiden, No. 20, 

p. 26, pi. 11. figs. 1-3; pi. 12. figs. 1-3. 

1916. Catamites Goepperti, Kidston & Jongmans, Mededeel. Rijksopapor. Delfsloff. No. 7, 
p. 61, pi. 61. figs. 3 & 4; pi. 68. figs. 1-3; pi. 54. figs. 1-3; P pi. 65. fig. 2; 
Ppl. 56. fig. 3; P pi. 61. fig. 3; pi. 65. fig. 1; pi. 6C>. figs. 1-3. 

Diagnosis. — Length of internodes very variable, 2~35 mm. Both very 
short and very lon^ internodes occnr. Internodes smooth or only very 
faintly striated longitudinally, but with distant vertical continuous or 
discontinuous deep cracks or furrows in the bark unequally spaced. 

Leaf scars usually clear, prominent, oval, catenulate or even quadrate, 
2-2‘5 mm. broad, of medium size or even large, exactly approximated, with 
a punctate scar in the centre. 

Branch scars of medium size or large, usually quadrate or circular or 
oval, often of unequal size and diameter, approximated, with a central 
umbilicus, 10 to 12 in a whorl. Internode bearing branch scars usually 
short. Periods very variable. 

? Root scars occurring singly on nodes which do not bear branch scars, 

Deboription of SPECIMEN. —The specimen figured on PI, 84. fig. 13, 
natural size, shows part of two periods, in which the internodes are very 
variable in length. The irregular longitudinal furrows or cracks in the 
bark are here clearly seen as they are still filled with the coaly matrix, but 
the surface of the internodes is perfectly smooth. The leaf scars are largo, 
particularly prominent and regular. 

Remarks, —Kidston and Jongmans include under this species a number of 
examples which we here regard as belonging to a .separate species— C, majus. 
In C* Goeppertiy according to our definition, the surface of the internodes is 
quite smooth, with the exception of the longitudinal cracks or clefts. In 
C, majus the internodes are clearly striated, often markedly so (see p. 520). 

Distribution, F requent. 

Transition Coal Measures—rare. 

Kent; ? South Wales ; South I^ancashire, 
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Middle Oo»l Measures— 

Kent; Wyre Forest (North) ; Warwickshire j Yorkshire* 

Lower Coal Measures—very rare. 

Yorkshire ; Ayrshire. 

(jALAMOPHLOXOS MAJUS, Arbor, (Plate 23. figs. 5» 7 & 9; Plate 86. 
fig. 22.) 

1874. Cydcelitdm ntqfor, Feistmontel, Piil«ontogr. rol. xxiii. part 1, p. 98, pi. 1. jfig. 8. 

1884. Ca!amiie$ (Calamitim) eAienmta^ Waiss, Abhandl. Qeol BpediSlIi:. Preuss. vol. v. 
part 2, p. 87, pL 4. %. 2. 

1889. Cuhmitina (Calamites) variam var. imonstam, Kidston, Trans. B. goc* Edinburgh, 
vol. XXXV. part 2, p. 898, pi. 1. figs. 1 & la. 

1911. CahMtte$ extenauSt Jongmaus, Anledt. Bestimm. KarbonpB. West^Europas, vol. I. 
p. 91, fig. 89 on p. 91. 

1918. CalamtUa Goepperti, Kidston & Jongmans, Mededoel. Rijksopspor, Belfatoff. No 7, 
p. 51, pi. 56. figs. 1, 8, 4; pi. 56. figs. 1, P 2, 4; pi. 81. fig. 4; pi. 186. figs. 1 & 2; 
pi. 186. fig. 1. 

Diagnosis. —Intemodes strongly and coarsely striated longitudinally, very 
variable in length, often a little or distinctly shorter than broad. Periods 
6-14, the shortest inteinode being above the branch-bearing node. 

Branch acars of medium size, usually crowded, approximated, more or 
less quadrate, the angles sometimes rounded. 

Leaf scars small, chain-like, oval, circular, or semi-circular, approximated. 

Descexption of specimens. —A large specimen, 7g cms. across, is seen 
half the natural size on PI. 23. fig. 5. Here there are more than five 
internodes in the period which is, however, incomplete. The internodes 
are broader than long and are distinctly striated longitudinally, the strise 
being broad and flat. The leaf scars are only faintly preserved. The 
bi*anch scars are rather small, crowded, and the branch-bearing internodo is 
very short. 

One or two internodes from a smaller specimen, 2 cms. across, are shown 
on PI. 23* fig. 7, enlarged 1^, to show the nature of the ribbing. The leaf 
soars are also indistinct here. 

Part of a large stem, 11 cms. broad, is represented half natural size on 
PI* 23. fig. 9. It shows a node and three complete internodes* The latter 
are clearly striated longitudinally, as is seen from a part of one of the 
internodes shown natural size on PI. 25* fig. 22. The leaf scars are again 
indistinct. 

Remarks .—Kidston and Jongmans* unite the specimens here termed 
C, majus with T. Ooepperti, We, however, are inclined to maintain both 
speoiesi for we have seen no conclusive evidence that the type here called 
C* majus is a partly decorticated example of C. Goepperti^ which it must be 
if the two species are really identical* 




♦ Kidstoa & Je&gmans (1916) p. 58. 
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Di^tributton. 

Middle Coal Measures—rare. 

South Lancasbire; Forkshire; Derbyshire; Kent. 

Calamophloios discifeb, Arber. (Plate 25. fig. 2.3.) 

1884. Calamites (Calamitina) dUdfer, Weiss, Abhandl. Geol. Specialk. Preuas. vol. v. 
part 2, p, 91, pi. 7. fig. 3. 

1884. CalamiteB (Calamitma) pauciramUf Weiss, ibid, vol. v. part 2, p. 93, pi. 11. fig. 1, 

1903. Calamites (Calamitina) pauciramis, Kidston, Trans. R. Soc. Edin. vol. xl. part 4, 
p. 789, pi. 4. fig. 3G; pi. 6. fig. 44. 

1911. Calamites disdfei*, Jongmans, Anleit. Bestimm. Karbonpfi. West-Europas, p. 106, 
figs. 102,103. 

1911. Calamites pauciramis, Jongmans, ibid, p. 103, fig. 101. 

1911. Calamites discifer, Kidston, Mom. Mus. Roy. Hist. Nat, Belgique, vol. iv. p. 105, 
pi. 10. fig. 6. 

1913. Calamites discifer, Jongmans & Kukuk, Mededeel. R. Herbarium, Leiden, No. 20, 
p. 33, pi. 14. figs. 2, 3. 

1916. Calamites discifer, Kidston & Jongmans, Mededeel. Rijksopspor. DelfstoiT. No. 7, 
p. 76, pi. 68. fig. 4; pi. 61. fig. 4; pi. 62. fig. 3; pi. 65. fig. 2; pi. 67. figs. 2,3; 
pi. 68. fig. 3; pi. 78. fig. 2; and text-figs. 41-44. 

Diagnosis. —Internodes of variable length, usually broader than long. 
Surface smooth, with very fine close longitudinal striations. Branch periods 
irregular. Branch scars of large or medium size, isolated, oval. Leaf scars 
circular, rather large, approximated. 

Description of specimen. —Part of a stem showing several internodes is 
figured natural size on PI. 25. fig. 23. This shows the surface of the inter¬ 
node and also a large branch soar. We are indebted to Dr, Kidston for this 
negative, which is taken from a specimen in his collection. 

Distribution. 

Middle Coal Measures—very rare. 

Canonbie; Yorkshire. 

CALAMOPHLOIOS Saohsei, Arber, (Plate 24. fig* 16.) 

1884. Calamites (Calamitina) varians Sachsei, Weiss, Abhandl. Geol. Specialk. Preuss, 
vol. v. part 2, p. 77. 

1887. Calamites Sachsei, Star, Abhandl. k.-k. Geol. Reicbsanst. Wien, vol. xi. part 2, 
p, 180, pi, 2. figs. 1, 3, 4 & 5; pi. 2 B. fig. 2; pi. 6. fig. 1: pi. 11. fig. 1. 

1687. Calamtes schatzlarensis, Star, ibid. p. 164, pi. 18. figs. 10,11. 

1911. Calamites Sacheei, Jongmans, Anleit. Bestimm. Karbonpfi. WestrEuropas, vol. i. 
p. 89, figs. 87 k 88. 

1918. Calamites Sachsei, Jongmans & Kukuk, Mededeel. R. Herbarium, Leiden, No. 20, 
p. 29, Ppl. 12. fig. 4. 

1915. Calamites Sachsei, Kidston & Jongmans, Mededeel. Rijksopspor. Delfstolf. No. 7, 
p. 60, P pi. 56. figs. 5 & 6; P pi. 57. figs, 1-3 & 7; pi. 68. figs. 1, 3; pi. 60. 
figs. 2, 8; pi. 62. fig. 1; P pi. figs. 4-6; P pi. 66. fig. 4. 

Diagnosis. —Internodes smooth, with a faint and very fine longitudinal 
suh-epidermsl striation. Internodes nsnally bt*oader than long. Periods 
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short. Branoh^bearing intemodos short. Branoh soars ptoinsiii^^ 
rather small or of medium size, quadrate, crowded. Leaf scars approxiimiiedi 
oham4ike, small. 

Dbsoriptiok of spbcimbn,—A fragment of a cast showing a rery 
prominent branch*bearing node is seen on PI. 25. iig. 16, natnral size. It 
also exhibits the smooth surface of the internodes, 

Jimarl’fi.—This species is not very clearly marked off from (7. Gc^eppefti. 
According to Eidston and Jongmans* (7. Goepperti is distinguished from 
C. Saehm by its more circular and irregular branch scars and by the 
usually much shorter internodes. 

Di$tnbutim, 

Middle floal Measures—very lare. 

Wyre Forest (North) ; Derbyshire ; Yorkshire ; Durham. 

Lower Coal Measures. 

Lancashire; Fifeshire; CIackmannan«<hire. 

Oalamofhloios UK0ULATUS, Arber. (Plato 23. fig. 4; Plate 24. 
figs. 15, 17,? 14.) 

1884. 8p., WeisB, Abbandl. Geol. Specialk. Preuss vol. v. pait 2, pp. 22, 87, 

pi. 17. fig. 2. 

1918. CeAamiit$ undulatm, Goode, Quart. Journ Geol. Soc. vol. Ixix. p. 262, text»fig. 2. 

191.1. Calamites cf. unduiafuSf Jongmnus & Kukuk, Mededeel, li. Herbarium, Leiden, 
No. 20, p. 10, pi. 7. fig. 4. 

1916. Calamttcs undulatuSf Kidsfon & Jongmans, Mededeel. Rijksopspor. DelfstofP. No. 7, 
p. 6, pi. 1. fig. 1; pi. 2 figs. 1 & 2; pi. 3. fig 2; pi 8. ? fig 1; pi. 9. figs. 1^; 
pi. 16. fig. 2 5 pi. 80. ? figs. 4 & 6. 

Diagnosis. —Internodes with smooth surface with numerous transverse, 
discontinuous grooves or wrinkles. Sub-epidermal longitudinal ^triations, 
faint, very fiine, ? discontinuous, sinuate. Branch scars rather small, ellip¬ 
tical or circular, approximated. Leaf scars markedly elliptical, approximated. 
Root scars of varying size, elliptical or circular, abundant both on nodes and 
? the internodes. 

. Dbsoription of spboimeks.— Fragments of the external surface of two 
internodes are seen natural size on PI. 24. fig. 15. This specimen, which 
was originally described by Mr, Goode in 1913, is remarkable for the fact 
that it shows both the external surface and the pith cast of C. undidaUus. 
The internodes are quite smooth with close, very fine, wrinkles. Several 
? root scars are also seen on the internodes. 

Another specimen is shown natural size on PI, 24. fig. 17* Here two 
nodes are seen, one of ^hich bears a number of branch scars. .The surface 
is Again smooth, but there are numerous short, discontinuous^ transverse 
grooves. The internodes also appear to be very finely striated JongitedSualJy, 

e Kidston dk J(m|mAas (1916^ p. 67. 
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the strifie being perhaps discontinuous irregular and wavy. This feature is 
here possibly better seen than in the former specimen. 

Another fragmentary specimen, possibly also belonging to ihis species, is 
shown natural size on PL 23. fig. 4. This again exhibits part of a branch¬ 
bearing node and iwo internodes. The transxerse wrinkling of the latter is 
here more prominent than in the other specimens illustrated above. In this 
case the longitudinal striutions are extremely iaint. 

The transversely elongated iorm of the leaf scars is here particularly 
prominent. The specific determination of this specimen is, however, 
somewhat doubtful. 

Another specimen, al o of somewhat doubtful dt teimination but possibly 
C, undulatuii^ is sbowm natural size on PL 24 tig. 14. Two internodes are 
here seen, the surfaces of which have the same cliaracteis as in the spt cimens 
above de-xcribed. 

Remarks ,—The question whether root scars can occur on the internodes of 
Culamite steins is a disputed one. In the specimen figured on PI 24. fig. 15, 
as originally pointed out by Goode, there are scars on the internodes, which 
may po.««sibly be interpreted us root scars. Similar specimens have been 
figured by other authors on several occasions, and tliese scars occur in the 
case of several species and also in f>ictyocalamites, Kidston and Jongmans * 
regard these scars as due to some damage to the bark during the life of the 
plant. They add that “the position of these markings precludes the 
possibility of their being root scars.’’ From this remark w^e infer that these 
authors only recognise as root scars those which are confined to the nodes. 
We are inclined, however, to regard these in ter nodal scars as marking the 
position of adventitious roots, at any rale in some cases. Their occurrence 
is too common t for them to be explained as mere local imperfections of the 
bark. Until, however, roots are actually found attached, proof of this 
contention must remain lacking. 

Distribution, 

Middle Cloal Measures—very rare, 

Pembrokeshire ; Notts, and Derby. 

Calamophloios VEKTiciLLATUS, Arber. (Plate 24. fig. 18.) 

1835. Catamites verticillatus, Lindley Ss Huttou, Foss. Flora, vol. ii. pi. 139. 

1886-1888. F CalamophyUites verticiUatuSf Zeiller, Flore Foss. Bass, houill. Valenciennes 
p. 300, pi. 57. %. 2, 

1898. Cahimitina vertidllataf Kidston, Trans. Boy. Soc. £din. vol. xxxvii. part 2, p. 311, 
pi. 4. tig. 18. 

1908. Calamitina vanans^ Benier, Bev. Univ. Mines, etc., series 4, vol. xxi. p. 42, text- 
fig. 17 on p. 42. 

Kidston ^ Jongmans (1915) p. 13. 
t Kidston & Jon^^mans (1915) pi. 55. fig. 2. 

LUW. JOUBK.—EOTAKY, VOL. XUV, 2 U 
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lOICl Cakmiu$ vanaMf Benier^ B<^. itude Pal. Tan. Iioixil p. 17, pL 4C, 

X9U. Caiamitei verticiila(tf$, JuDgmans^ Anlait. Beatimm. Kar1»Miipl* 'Wad;-S!^ix<(^^ 

toL i. p. 61,%. 67. 

1012. ? Calmmtes {Calamitim) vttricm tat. JohnatoBa^ Mem. and Proa. 

Manchester Lit. and PhiL 6oc. vol. Ivi. No* 17, pi. 

1915. Oalamites w»^mllatu9, Kidatoa k Jongmans, Mededeel. Hijksapepor. BelfMkOff* 

No* 7, p. 71, pi. 61. ? %. 2 ; pi. 62. P figs. 3-6, 6 & 7; pi. 163, fig* 7, 

Diagnosis*— /n^arnorfer of variable length, strongly striated longitndi*- 
nally* Striations more or le«^s salient. Branch scars medmin to large^ 
cirottlar, elliptic or quadrate, approximated, with a small umbilicus slightly 
eccentric* Leaf scars small tounded, quadiate, chain4ike, approximated* 

Description of specimen. — The example figured on F1.S4. fig. 13, natural 
size, shows a number of intemodes and a branch-bearing node. The nodes 
are distinctly tumid and the internodes aie strongl} ridged longitudinally; 
between the ridges are finer parallel strise. 

Distribution. 

Middle Goal Measures—rare. 

Yorkshire ; Notts, and Derby. 

Lower Goal Measures. 

Ayrshire. 

Galamophloios Suckowi, Arber* (Plate 24. fig»». 11-12 ; Plate 26. 

fig. 21.) 

1916. Calamifea Suokowiy Kidston & Jongmans, Mededeel. Hijksopspor Delfstoif. No. 

p. Ill, pi. 86. fig. 2. 

DrAGNOSis.-^/nfcpnoics usually broader than long. Surface smooth, wi»h 
sob-cortical striations. Branch scars absent or \eiy rare. Leaf scars small, 
distant, obscure. 

DESCRiPrioN OF SPECIMENS.— The specimen figured on Pl.24. fig. 11, natural 
size, appears to be the termination of a branch or rhizome. In the upper 
part the characteristic pith cast of C. Suckowi is seen, while below two 
internodes, showing external surface, are visible. The surface of these 
intemodes is quite smooth, but there are longitudinal wrinkles and a very 
faint longitudinal and probably sub-cortical striatioii can be observed. Leaf 
scars are small, distant and indistinct. 

Another specimen probably belonging to this species is figured on PI, 25. 
fig. 21, natural size. This shows four nodes, separated by smooth intemodes 
which are, however, very faintly striated longitudinally. The leaf scars are 
again indistinct. 

Another fragment, similar to that first described, is seen on Ph 24* 
somewhat enlarged. On the left^and side the external features of the 
inieroodes are seen, while on the right ih« pith oast is axposed, 
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Didribution, 

Middle Coal Measures—infrequent. 

South StafFord^hire ; Notts, and Derby ; Kent, 

Miscellaneous specimens. (PI. 28. fig. 10; PI. 24. fig. 19; PI. 25. fig. 24.) 
In addition, we have seen several specimens, some of which are figiiretl here 
to show the external features of the iiiternodo'', but which, for one reason or 
another, we have not been able to identify specifically. One of these is 
shown somewhat enlarged on PI. 23. fig. 10. It is merely a fragment 
showing two nodes, one bearing branch scars. The internodes are smooth, 
with exceedingly fine, discontinuous and close longitudinal striations. 

Another specimen is figured on PI. 24. fig. 19, natural size. The inter¬ 
nodes are here fairly long, and the surface is smooth though aKo finely 
striated longitudinally. The leaf scars are chain-like and small, and not 
very distinct individually. We are inclined to regard this example as 
possibly the external surface of Stylocalamites Chti (Broiign.), but tin* specific 
deteimination is uncertain. Another, somewhat exceptional specimen is 
shown natural size on Pi. 25. fig. 24, wliich exhibits part of four internodes. 
One node shows two somewhat large branch scars, ill-defined as to their 
limits. The surface of the internodes is smooth, longitudinally wiinkled, 
especially near the node, and \ery finely striated longitudinally. The leaf 
scars are somewhat indistinct. Ihis specimen has been doubitnlly rcferitd 
by Kidston and Jongmans* to their new species (\ pseudogermarianus, 

Kidston and Jongmaiis f have al&o recorded from Biitain the tollowing 
species showing external features ol Calamites, of which wo have seen no 
examples from this country ;— 

r, Wedekindiy Weiss. 

C. semicircularis, Weiss. 

6\ dictgoderma, Kidst. & Jong. 

C, ohlsbachensu, Sterzel. 

C, GermarianuSy Goepj). 

SchUtzei, Stur, 

C.jubatuSy Kidst. & Jong. 

C. paleaceus, Stur, 

Genus DICTYOOA LA MITES, Arber, 1912. 

(Geol, Mag. dec. 5, vol. ix. p. 97.) 

Diagnosis. Stems or rhizomes, with internodes possessing reticulate 
striations. Roots or root scars numerous, nodal or internodal. 

Jtemarks^ When this fo'^sil was first described from Britain, in 1912, no 
other similar example was known to us. We have since discovered that 

e Kidston k Jongmaus (iOlo) p. pi. 59. fig 4 etc. t (1915). 
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Sinf * bad figured, in 1887, a more complete epeoimen from the Schatekrer 
jSohiobten in Silesia, Tins specimen will be further discussed below. It 
"confirms the provisional conclusion arrived at from the Kentish species, 
naiOely that the fossil reprcbents the external surface of a Calamite. 

Dictyocalamitbs Bubei, Arber, (Plate 23. fig. 8; Plate 24. fig. 20,) 

1887, Of. CalamiUs Schv^t»i^ Stur, Abhandl k.-k, Geol. Keichs. Wien, vol. ii. part % 
p. 73, pi. 0. fig. 2, 

1912. DictyocalamitM Burri, Arber, Geol. Mog. dec. 5, %oL ix. p. 97, pi. 5, 8gs. 1, 3 S: 3* 

Diagnosis. — Tnternodes somewhat variable in length, usually longer than 
broad. Surface smooth, with prominent, distant, reticulated grooved striae, 
forming an elongate network with acute angles, the nodes usually longer 
than the internodes, reticulations bearing no relation in position to the node, 
or origin of the roots. 

Root icar 9 fairly large, irregularly oval on the nodes and internodcs. 
Boots fairly stout, with fine and close transverse striations. 

Description of specimens. —The typo specimen figured on PI. 23. fig. 8, 
nearly twice enlarged, shows the leticulate ridges of an iniernode and also 
root scars. Another fragment of the type figured on PI. 24. fig. 20, like¬ 
wise nearly twice enlarged, shows a node and part of an inteinode, the latter 
having reticulate ridges and root scars. 

Remarks. —We are not convinced that the Kentish specimens, which are 
fragmentary examples obtained from the cores of a boring, are sjeclfically 
identical with Stur’s plant. In the Brirish ex.nnples the striations are 
somewhat closer and moie piominent and grooved, the node is better defined, 
and the root scars are larger and more irregular. 

In any case Stur’s specific name can hardly .stand, since under the name 
Calamites Schultzi he has also figured several pith casts, and there is no 
evidence that the particular specimen with which we are here concerned 
belonged to the same plant as the pith casts. 

Stur states that the anastomosing striio on his specimen are artificial and 
due to the fissuring of the coaly surface of the specimen. However this may 
be in the case of the Austrian example—and it appears to us to be very 
unlikely that Stur’s explanation is correct—it is certainly not the case in the 
British fossil. 

From Stnr’s figure one would imagine that this fossil may be a rhizome 
and not an aerial stem. This again must remain doubtful until further 
specimens of tins rare fossil are available. 

It may be also mentioned that according to Sterzel the sub-cortical surface 
of Calamites ohlsbachensis Sterzel f is reticulate. 

Distribution. 

Transition Coal Measures—Kent coalfields. 

Stur (1887) p. 73, pi. 8. fig. 2. t Sterzel (1907) p. 437, pi. 67. fig. IL 
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EXPLANATION OF THE PLATES. 

(Some of the photographs require examination by mesns of a hand-lens. All the 
negatives were taken by Mi, W. Tams ot Cambridge except PI 23 bga. 1 A 2, which are 
by Dr. Arber, and PI, 26. fig. 28 by Dr. Kidston All the <ipecuuens figured except PI. 26, 
fig. 28 are in the Carboniferous Plant coliectioua, Sedgwick Museum, Cambridge, to which 
the numbers refer.) 
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Platk 23 

Fig. 3. Calamophlom Weiss. Showing the horizontal and vertical series of 

cracks or furrows in the smooth baik, aud also root tears. 

From the Middle Coal Measmes of Bainsley, Yorks. No. 410 Slightly 
reduced (XlJ) 

Fig. 2. CaUtmophlom &m0.emu9, Arber. Showing tho ridged regions of the internodes 
subtending the nodes and separated by areas with smooth bark. Many branch 
scars are also seen. 

From the Upper Coal Measures, Lower Conygre Pit, Tinshury, Somerset. 
No 1363. Slightly reduced. (X|.j 

Fig. 3. Calam»phlah» ru^mf Arber. Showing the oruameiitatiou of an iuternode and 
an indistinct branch scar. 

Transition Coal Measures, Red Olay Series, Granville Olay Pit, Old Hill, 
South Staffordshire. No. 3822. {Natural size) 

Fig. 4. Calamophhioe undulatus ?, Arber. Showing the tiansverse wrinkling of the 
iuternodes, the leaf scars aud two branch scars 

Middle Coal Measures, Bonds MMn Colheiy, Temple Normanton, Derbyshire, 
No. 4011. {Natural eke ) 

Fig, 5. CalamopMoioe mafue^ Arber. A reduced photograph ot a large spedimen with 
several intemodes, which are longitudinally ridged. A number of branch scars 
are seen on the second node above the base of the specimen. 

Middle Coal Mt>asui^8,M«ltioe Hill Boring, at 1680 ft., Kent, No. 2888. (xj.) 

Fig. 6. Oahmophlaioe rupoms^ Arber. Part of an iuternode showing the rugose oma- 
mentation 

Middle Ood Measures, Clay Cross, Derbyshire. No. 3398. {Naturai sms.) 

filg. 7. Caiamophhm majue^ Arber. Enlarged view of internodes to show the ribbing* 
Branch scars are faintly seen at the apinmit of the sped men. 

Middle Coal Measures, Ripple Bmng, at 2606 ft., Kent. Ncu 2260. ( X |.) 
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Ftg, 6« Dicfy6ea(amit€$ Burris Arber. Enlarged photograph of type specimen showing 
the reticulate ridges of an internodo and root scars* 

Transition Coal Measures^ Barfreston Boring, at 2559 ft., Kent. No. 2225. 
(X f.) 

Jig* 9. Calamophloioa mafuSf Arber. Reduced photograph showing the ridged intemodes 
and a whorl of branch scars. 

N Middle Coal Measures, Bonds Main Colliery, Temple Normanton, Derbyshire 

No. 3996. (X i) 

Fig. 10. Calamophloios sp. Enlarged photograph showing the smooth internodes and a 
w horl of prominent branch scars. 

Lower Coal Measures, Trowel Colliery, Notts. No. 3067. (x f.) 

Plate 24. 

Fig. 11. Calamophloios Arber. The surface of the lower intemodes is smooth, 

with a laiut sub-i'ortical striatiou. Towards the upper end of the branch the 
characteristic pith cast of this species is exposed. 

Middle Coal Measures, Newthorpe Clay Pit, Notts. No. 3994. {Natural size,) 

Fig. 12, Calaftwphlotos Suckow/, Arher. Enlarged photograph showing the external 
features of the intemodes on the left-hand side and the pith cast on the right. 

Middle Coal Measures, Newthorpe Clay Pit, Notts. No. 4005. (X J.) 

Fig. 13. Calamophloios Goeppeiii^ Aiher, Showing the smooth intemodes with irregukr 
vertical grooves, the leaf scars and a whorl of branch scars. 

Middle Coal Measures, Summit Colliery, Derbyshire. No, 3992. (Naturalsize.) 

Fig. 14, Calamophloios undutatus ?, Aiber. Finely ornamented bark of two intemodes. 

Middle Coal Measures, Digby Clay Pit, Kimberley, Notts, ^o. 3998. 
(Natural size.) 

Fig. 16. Calamophloios undulatuSf Arber. Showing the ornamentation of two internodes 
and root scars. 

Middle Cool Measures, Falling Cliff, Little Haven, Pembrokeshire. No, 2863. 
(Natural size.) 

Fig. 10. Calamophloios Sachsei, Arber. Showing the apparently smooth intemodes and a 
prominent whorl of branch scars, 

? Middle Coal Measures, P locality, Derbyshire. No. 1996. (Natural stze.) 

Fig. 17. Calamophloios uudnlatus, Arber. Showing the transverse furrows of an intemode 
and a whorl of branch scars. 

Middle Coal Measures, Bretby Clay Pit, Derbyshire. No. 8991. (Natural 
size.) 

Fig. 18. Calamophloios verticillatus, Arher. Showing the longitudinally ridged intemodes 
and a whorl of branch scars. 

Middle Coal Measures, Newthorpe Clay Pit, Notts. No. 2736. (Natural size.) 

Fig. 19. Calamophloios Cisli P, Arber* Showing smooth intemodes, with suh-corticol 
ridging. (Unfortunately turned upside down in reproduction.) 

Middle Coal Measures, Mattice Hill Boring, at 1276 ft*, Sandwich, Kent. 
No. 2839. (Natural me.) 

Fig. 20. JDictyoealamiies Burt% Arber. Enlarged photograph of the type specimen, 
showing a node and part of an internode with reticulate ridges and root scars. 

Transition Coal Measures, Barfreston Boring, at 2569 ft*, Kent. No* 2225, 
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From the Middle Coal Meefiitree, Ten-foot Ironetone^ Claycroft OponWoi^, 
Cosely, South Stafford'•hire. No. 8709, {Natural size.) 

Fig. 22, Calamvphloioi majun^ Arber. Part of one of the intemodes shown on PI. 33* 
fig. P, natural to exhibit the ribbing. Some branch sears are also partly 
seen at the top of the photograph. 

Fig 28. OalafnophloioB diwifer^ Arber. A specimen showing several internodes and one 
large branch scar. Several leaves are still attac hed at the nodes. The surface 
of the internodes is smooth with a fine longitudinal suh-'^ortical striation, 

From the Middle Coal Measures of Oanonbie, Dumfries. No. K/8144 in 
Dr. Kidst on’s coll ecti on. ( Natural iize ,) 

Fig. 24. CalamaphlotM jtBeudog&mananuH Arher. A specimen with smooth internodes, 
sliowinff two large branch scars. 

From the Upper Coal Measures of New Fancy Colliery, Forest of Dean, 
Gloucestershire. No. 1728. {Natural size.) 
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[Synonyms and native names are printed in italics, A star ^ denotes the 
first pnblication of a name.] 


Ahama amerieanaf Morong, 139. 

— caUfomica^ Ilelier, 140. 

— oceidsntalis^ Heller, 140. 

— oss^fragUf DO., 139. 

Acartia clausi, Gieshr,, 176-202. 
Acropborus, T, Moof*e, 122. 

Aeroslichum, Xinn., 119,120. 

— aurenm, Xtan., 120,121. 
prsestantissimum, Xory, 120. 

Ainas, Xmn., mentioned, 146. 

Alsophila, jR,Br,^ mentioned, 108. 
Amblasiima dhifiora^ Ra6n., 167. 
Afaiantvmthm leimanthoides, Kunth, 159. 
muicwtoxicumf Kunth, 148. 

— NuUaUn, Kunth, 167. 

Amlanthium, A, Omy^ 148-151. 

— atigustifolium, A, Gray, 148-149. 

— kimanihaides^ A. Gray, 159. 

— nuiscaetoxicum, A, Oray^ 148-149. 
NuttallUy A, Gray, 157,158, 

rar. n, A. Gray, 157. 

^ texanum, Gates *, 148-149. 

Aneliusa anyustis viUosis faliiSf Booe., 426. 
anyustu viUosis foliis kispanica, Barr., 
«82, 388. 

h^tanka nm descripta, Boerh., 420,422. 
Ah^aloeera, tsmpl^ mentioned, 193. 
^ycuktuni, Linn., 135. 
enocemn, Baher, 167. 
mwsmi^ Sehnlt, 167. 
msMkmum, Schult, 167,168, 

Linn., 139. 

KeMlawh, 170, 
skkr^gymiimi 148. 


Anticlea, Kunth, 138, 168-156,160. 

— alpina, Heller, 163. 

— chlorantha, Rydb., 154. 

— coloradensis, Rydb,, 154, 155. 

— elegans, Rydh, 163,164. 

— Fremontii, Ton*., 157. 

— glauca, Kunth, 154. 

— gradient a. Gates ♦,166. 

— japonica, Gates ♦, 153. 

— longa, Heller, 155. 

— mexicana, Kunth, 165. 

— mohinorensis, Gates*, 155. 

— Nuttallii, Ton,, 157. 

— porrifolia,^ii:yd5., 165. 

— sibirica, Kunth, 153. 

— vaginata, Rydb,, 154-155. 

— virescens, Rydb., 165. 

— volcanica, Baker, 155. 

Arber, R A. N., & F. W. Lawfield, 
External Morphology of the Stems of 
Catamites, 507-630. 

Arcbaeopitys, Scott «$* Jeffr., mentioned, 
228. 

— Eastmanii, Scott ^ Jeffr,, mentioned, 

216. 

Araticarioxylon fasciadare, Scott, 218. 
Arawsantes Beinertianus, Goepp., 219. 
Asphodsh affinisftoridana, Pluk., 153. 
Asphodttlus elatior floridanus, .Pluk., 
160. 

Aspleniopsis, Meti,, 120. 

Aaplenium, Lim,, 119,121. 

Asterionella japonica, Clere, 188. 

Athyrium, Ridh, 122. 
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Benthan); G., on the Compositaoi cited, 439* 
447. 

3enthi«n, G., & Hooker, ‘Genera Plan- 
tarum,^ referred to, 111. 

Bertillonage, defined, 28. 

Biddulphia, Gray^ 177-187. 

•— mobilieusis, BmL, 179,180, 202. 

— regina, W, Sm. (regia), 179. 

— sinensis, Orev., 176,179, 202, 

Blechnum, Xtnn., 119,121, 

Bower, F. 0., Hooker Lecture: on the 
Natural Classification of Plants, as 
exemplified in the Filicales, 107-124. 
Brainea, J, Sm,, 119,121. 

Bristol, B. M., Malay form of Cfdorococcum 
humicala, Habenh., 473-482. 

Notr ; On pp. 610-615 the initial “C.” 
applies to Calamites and Calamo* 
phioios in a manner likely to confuse 
the reader. 

Cflsnoxylon, Zalessky, mentioned, 228. 
Calamites, Suck,, Stems (Arber & Law- 
. field), 607-630. 

— hrUannicus, Arber, 61C. 

— carinatus var. Kidst. & Jongin., 

618. 

— Cisti, Brongn,, 611. 

— cruciatus, Sterz,, 611. 

— dictyoderma, Kidst, Jongm,, cf. 526. 

— discifer, Jongm., 621. 

— discifer, Weiss, 621. 

— equisetinuB, Weiss, 612. 

— extensus, Weiss, 620. 

— Foersteri, Sterz,, 611. 

— germarianus, Goepp,, 612, cf, 525. 

— Goepperti, Ettingsh., 618, 

— Goepperti, Kidst. & Jongm., 620. 

— jubatus, Kidst. ^ Jongm,, cf. 625. 

— macrodiscus, Weiss, 612. 

— multiramis, Weiss, 611, 617. 

—* ohlsbachensis, Stm'z., cf. 626, 

— paleaceus, Stur,, 611, cf. 626. 

— Parrani, Grand'Bury, mentioned, 611, 

— pamiramis, Weiss, 621. 

— pseudogermarianus, Kidst, ^ Jongm., 

626. 

— raiuosus var. rugosus, Kidst. & Jongm., 

618. 

— Sachsei, Stur, 621. 


Calamites schatzlarensis, Stur, 621. 

— Schuetsei, Stur, cf. 626. 

— schultzeiformis /. waldeuburgenais, 

Kidst 4' Jongm,, 614. 

— Sohtdtzi, Stur, 626. 

— seniicircularis, Weiss, 613, cf. 626. 

— septenaiius yex, fasciaius, Sterz., 617, 

— sp,, Weiss, 622, 

— Suekowi, Kidst. & Jongm., 624. 

— undulatits, Goode, 622. 

— varians, Hofm. & Rydb., 619. 

— varians, Renier, 624. 

— varians Sachsei, Weiss, 621. 

- tMreviatm, Weiss, 619. 

— — inconstans, Weiss, 619. 

-var. insignis, Johnst., 624. 

— verticillatus, liindl. & Hutt., 623, 

— verticillatus, Will, 618, 

-* Wedekindi, Weiss, cf. 626, 

Ctilimatina, Weiss, 609, (/. 616, 

— approximata, Brongn, 514. 

— Goepperti, Kidst., 619. 

— Goepperti, Weiss, 618. 

— undulatus, Kidst, 614. 

— varians, Renier, 623. 

— varians, Stemb., 614, 

-var. inconstans, Kidst., 619, 520. 

— verticdlata, Kidst., 623. 
Galamodendrojioyos, Grand ' Eury, 614. 
Calnmodendrophloios conyenius, Ren., 617. 
Oalamodendron striatum, Ben., 611. 
Calamophloios, Arher, 607-630 j summary 

of species, 516. 

— britannicus, Weiss ♦, ex Arber, 616 ; 

pith-cast, unknown, 616. 

— congonius, Arber *, 617; its pith-cast, 

516. 

— discifer, Arber *, 621 ; pith-cast un¬ 

known, 615. 

— Goepperti, Arber''*, 5J8; its pith-casta, 

616. 

— majus, Arber ♦, 620; its pith-casts, 616. 

— rugosus, Arber, 618; its pith-casts, 

616. 

— Sachsei, Arber *, 621; its pith-casts, 

515. 

— Suekowi, ^,624; its pithocasts,*516. 

— undulatus, Arber*'*, 622; its pith-cast, 

616. 

— verticillatus, Arber*, 628; its pitji- 

cast, 516. ^ ; 
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^hmopkyllites uerticillatus, ZeilL, 620, 
CalamopityA^ Unf/^r, Notes on (1>. IT. 
Sc6tt), 205-3.12. 

— americana, Scott 4* Jeffrey^ 98, 218, <;/. 

205-281; leirf-trace, 206<209. 
annalaHs, Solms^ 98, 210, <?/. 206 231. 

— Beinertiaua, 219, of, 205-232. 

— fascicularis, Scott, 99, 218, 205-232. 

— Saturni, TTviyer, 98, 216, cf. 206-232. 
Calanus 6nmai*chicu8, JSoeck, 17()-303. 
Callixylon, Zaltmhy^ menti<»ned, 228. 

— Trifilievi, ZfUenJof, mentioned, 223, 

224. 

Candolle, De, ‘ Prodromus,' referred to, 111. 
Capnos C7*etiea fforibus candidis fmod 
macula, Cliisius, 322. 

Oarex, Linn., distrib., 448. 

Oentropages, Kroy,, 198. 

Chretoceras, Bhrenh,, 177-187. 

— boreale, Bail, 179 202. 

— contortum, Schuett, 182-202. 

— criophilum, Castrac, 182-302, 

— debile, Cleve, 179, 182-202. 

— decipiens, Clevc^ 182-202. 

— densum, Clevc, 179 202. 

— diadema. Gran, 182, 202. 

— sociale, Lauder, 178-202. 

— subtile, Cleve, 179, 202. 

— teres, Cltve, 179-202. 

Chamajlirium, Willd,, 147-149. 

— carolmianum, Willd., 147. 

— laleum, A, Gray, 147. 

— ohovale, Small, 147. 

Characium Sieboldii, A, Br,, 478. 
Oheilanthes, Sw,, 121. 

Oheiropleuria, Brest, 117,119,121. 
Chlorocbytrium grande, Bristol, 478. 
Ohlorococcum ImmicoJa, Badeftk., 473- 

480. 

— Monas, Menegh., 473. 

Cblorogaluni, Kunth, 109-172. 

— angustifolium, Kell,, 171. 

— divaricattm, Kunth, 170. 

— parvifloruin, S, Wats,, 171. 

— pomeridianum, Kunth, 170,171. 

— purpureum, T, S, Brandegee, 171. 
Chrosperma muscatoxncwn, Kuntze, 148, 
Oladoxylon Kidstoni, Solms, mentioned, 

324. 

Oompoaitce, distrib., 439. 

Oordaites, Unger, mentioned, 229. 


Ooscinodiacus, Ehrenh,, 177-187, 

— concinnus, W, Stn,, 179, 181, 202. 

— (Irani, Cleve, 181, 202. 

— radiatus, Ehrenh,, 179, 181, 202. 

, Crepis foetida, Linn., 128. 

f —ruliIans, 128. 

— setoaa, JIall. /., 128, 129. 

I Creto\ariuin, Stope^* <5* mentioned, 

' 113. 

(Jyatbea, Sm., mentioned 108. 

Cyclocladia major, Feistm., 520 
Cystococcuf^ humirola, N^g , 4*^3. 
Cystopteris, Bernh., 122. 

DadoXylon, Endl, mentioned, 224 230. 
Darwin, C., cited, 439. 

' Darwinism and the Mutation h3^pothesis, 
439. 

Diatoms, their distrib. in tlie Irish Sea 
I (llerdman), 173. 

j Diclinotrys, Itafin., 147. 

Dictyocalnmite'^, Arher, 525, 

^ —Burri, Arher, 520; its pith-cast un- 

I known, 515. 

I Differentiation hypothesis of plaut-dis* 
bution, 441. 

Dilleniaceae, distrib., 44^^ 

Doodya, B. Br,, 119. 

Doryoptevis, J, Sm,, 122 
Dryopteris, Adapts., 122. 

Dyer, Thiselton-, cited on plant-distrib., 
442. 

Echium aculeatum, Boir., 384. 

— eegyptiaca, C. B. P., 430. 

— JEgyptiee, Jlore maqno suave ruhente, 
Tourn., 380. 

— alhereanum. Deb. & Naud., 400-408. 

— alho Jlore majus, J. Bauh., 407. 430. 

— altera species, Dod., 402-434. 

— alteram sive Lycopsis anolica^ Morrett. 

I 430,43J. 

I — altissimum, Jaeq., 883, 402-434. 
j — amplisnmo folio hmtanicum, Tourn., 
378-435. 

-^ JBch. hmtanicum folio cubitali, 

T. hb, Isnardi, 381. 

— amoenum, Fiseh. M^y, 867, 399, 

401. V 

— anglieum, Huds., 433 

— anglieum, Mill., 427 
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Eohittm anglicum flort minwt %iylo tmium 
Petir., 482. 

^ mgu$t%fol%um, Lam.^ 866-426. 

— — var. pycnanthum^ Ooiacy, 876. 

— anguetSfolium, MUl^ 369,487, ef, 866- 

488. 

angtuiifolimu Salsm., 868, 873, 874. 

— angustifoHum^ Thanb., 876. 

— angustifoUum rubrnm^ Tourn., 898; 

ftnote, 400. 

— arenarium, (?«$«., 864-416. 

-/3. Sieberif Haldr., 892. 

-i8. Sieberi, DC., 892. 

— argenUwm^ Barg., 888. 

— argtwttumf Linn., 888, 898, 396, 426. 

— aspeirimum, Lam., 883,406,408. 

— asperrimum, Bieb., 406, 408,413. 

— auitrakt Coincy, 874, 396. 

— australe, Zam., ^8, ef. 868-408. 

- var, genuinum, Couttnho, 872. 

-var. mavranihtmf Coutinbo, 873,899, 

400. 

—- — var. provinciale, Laoaita *, 372. 

— —/. grandiflOTum, Lacaita ♦, 369. 

— —macranthum, Lacaiia^f 309. 

— bonariense, Poir., 881, 421. 

— Bourgaeanum, Webb^ mentioned, 874. 

— Broterif Samp., 864-486. 

— Broterianwrif Gay MS., 377, 416. 

— calycibtts fructeacentibus etc., Hort, 

Upa., 401. 

— calycibm fmetiferU dUtantibmf Hort. 

Upe., 899. 

— calycinum, Viv., 880, 390. 

— Candiajflore fmlchra rtdmtte, J. Baub., 

398. 

— candicans, Linn.f,^ 888, 894, 306. 

— eapitatum, Linn., 883, 890, 893, 896. 
-%ar. Hb. Lam., 388. 

— caule erecto hiapido, Mill., 422. 

- ramoBOf folm, eaulima ovatiafjhnbus 

aolitariU ex ulU^ Tourn., 898. 

- mspero, foliia calloao • vet*mc(»su, 

staminibtia corolla longiot'tbue ; Eehium 
crettcumf 0. B. P., 426. 

— iimpltcifoliia eautmia lanceolatiaf etc., 
Hoyen, 378. 

— - aerioeta^ ftoribua apieatia 

lateralibua, Lugdb., 417, 

^ Jloribua apieatia ex afta, 

HortCUff., 426. 


Eehium eauh aimpliei /. eemimia Imear* 
ibua etc., Hort Oliff899. 
Coiiicyannm, Laoaita 874, 868* 

888. 

— eonfuaum, Coiney, 804, 421,488. 

— eoroUia vu* ealyeem exeadenlihm, margma 

viUoaia^ Hort. tJp8.y 402. 

— ereiimmt Hb. Lam., 884. 

— craticum^ Linn., 896, of. 363-487. 

-- var. jS. m^guatifolium^ Poir., 880,882, 

488. 

— cretieum^ Mill., 437. 

— ereiicum, Nym., 874, 876. 

— cnticum, Willk., 380, 882,888. 

— ereiicum I., Clus., 898, 899. 

-II. Cla«., 890, 398, 422. 

— creticum anguatifolium mhrum^ C. B. P., 

373422. 

— creticum calyednis fructeacentibua reinotia^ 

II. IT., 422. 

— creticum hortenae^ Hb. Pallaa, 401. 

— ef*eticum latifolmn tubrunif C. B. P., 

381-436. 

— Cupani, Tourn., 380. 

— denaidorum, DC., 876, 388. 

— denaifiormi, Porael, 876, 883. 

— diffuaum, Bibih, ^ Sm,, 385, 391. 

— elegatia, Lehm., 365-437. 

— elongatum, Lam., 388, 409. 

— falcatum, Hb. Lam., 883. 

—Jlmbriatum [Pena ?], 429. 

— fiavum, Deaf, 364, 380; ftnote 

406. 

—flora magno, Buddie, 432. 

- parvo, Buddie, 432. 

—foliia anguaUa et villoaia, Tourn., 382, 
426. 

— fomioaum, Pera., ftnote 368. 

— fruticoaum, Linn., 883427. 

— gaditanum, Boisa., 414. 

— genevenac, Fairb., 426. 

— JSchii genua in maritimia inaulea 
Porquerollea^^^ Tourn., 880. 

— giganteum, Linn.f, 894. 

— glabrum, Linn., 893. 

— glabrum, Vahl, 398. 

— glabrum, Tbunb.. 398, 

— glomeratum, Pair,, 881, 888. 

— grandiforum, Andr,, ftnote 868. 

— grandillorum, Deaf, 864 486; di^rib.^ 

371. 
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JBchititn grandiflorum, Salisb., ftnote 368» 
394. 

— grmdyiommf Vent., ftnote 308. 

— hiepanicum, 382, 384, 388. 

— htBpanicunij Auct. liisp., 383. 

— hwpanimm verrncosum angustf/olium, 

Yaillant, 426. 

— hUpanicum veirucmm annutm attgusfi* 

folium^ ex hb. P. et lib. Charles, 882. 

— hisjndumy Burm. f., 390. 

— hupidum^ Sibth., 888-391. 

— hupidumf Sibth. & Sin., 38o“380, 396, 

487-438. 

— hiapidttmf Thunb., 390, 437. 

— hiimile, Desf,, 376, 876, 38,3. 

- vai\ pycnanthum, Lacaita*^ 376. 

— inaularum Simchadttm^ Juss., 381. 

— itcdicum^ Brot., 376 436. 

— UalicwHy Guss., 408. 

— italicum, Iluds., 433. 

— italicum^ Lehin., 412, 414. 

— italicum, Xinn., 402, 412, cf, 363-436. 
-var. aJbereammf Naud., 407, 412, 

413. 

— — vai\ /3. anglicum, Linn., 429, 433, 

484. 

— — var. haleancum, Porta & Uigo, 410. 
- var, Biebersteinii, Lacaita, 404. 

407, 408, 413. 

— — var. lusitanicum, Iloffing. k Jniik, 

416. ‘ 

- var, luteum, Lacaita *, 408. 

— — vaT.pgramidale, Couill, 407,413, 414. 
-/3. (pgrenaicum), Linn., 403, 408, 

409. 

- var, siculuni, Lacaita*, 406, 407, 

408, 413. 

— italicinn, Mill., 433. 

— judteum. Lacaita*, 866, cf, 363, 421. 

— Imvigatum, Linn., 393, 396. 

— latifolinm ruhrum, Tourn., ftnote 401. 

— Unearifolium, Moench, ftnote 405, 408. 

— lusitamcum, liehm., 378, 

— lusitanicum, Linn,, 414, cf, 308-436. 

— luiitanicum. Mill., 419-420. 
kmtanicum, Foir«, 378, 379. 

— lu$itanicum foUo amplimmo, Tourn., 

896, 417. 

luteum, Lap., ftnote 406, 407, 413. 

— macranthum, Roem. k Sch., 368, 372- 

373. 


Echium majuB et aspenus, i'aiti, 403. 
- jlore albo, C, B. P., 379-433. 

— --- dilute purpureo, Toiiru., 

879-414. 

— maiitimum, Willd., 3t54-438. 

- im, Siccchadnm Jl, maxima, Tourn., 

380, 422. 

— onosmoides, Pomel, 376. 

— orientate, Linn., 308-438. 

- folio ohlongo moVi et cineriveo, Tourn., 

380. 

- verbascifolio, Jlore ma.vimo companu- 

lato, Tourn., 380, 393. 

— parviflorum, Moench, 390, cf, 304-436. 
- var, erectum, DC., 390, cf. 436. 

— perlafmn, Vaill., 426. 

— per latum angustifolinm htspantcum 

quorundam, Boerli., 420. 

— plantagineum, Linn., 391, 420, cf, 309- 

437. 

— plantagineum, Vahl, 383. 

— plantaginifolium, Hb. Linn., 396. 

— polycaulon, Boii-s., 363-420. 

— pomponiuui, Boks,, 806. 

— proBtratum, Delile, 382. 

— pmtuiatmn, Sibth., 364-382. 

— pustulatum, Sibth. <S* Sfn,, 423-437. 

— puBtulattm, Ten., 380. 

— pmtulatum la.vum, Herb. Boiss., 368. 

— pycnanthuni, Pomel, 376, cf, 363-387 

— pyramidale, Lap., 383-436. 

— pyramidatum, DC., 407, 408, 414. 

— pyrenaicuni, Desf., 414, cf, 379-435. 
- var. balearicum, Lacaita*, 414. 

— ramosius annuum Jlore euave ruhente, 

Morison, 431-432. 

- maveolente, H. Ox., 432, 434. 

, — Raiiwoltii, DeliL, 380. 

— Boris marini folio, Tourn. (‘r* rosma*- 
I rinifolium), 382, 420. 

I — rosulatum, Lange, 364-426. 

I — ruhro Jlore, Clufeius, 423-424. 

— rubroJlore, Ray, 399, 423-424. 

- inontis aurm, Lam., 883. 

— rubmm creticum, PC. Bauh., 398. 

— rubruro, Jacq,, 380, 894, 423, cf, 

363-427. 

— salmauticum, Lag., 37(5, cf. 303, 416. 

— sericenm, Halacsy, 891. 

— sericeum, Vahl, 376, 382, 400. 

-var. diffusum, Boiss., 392. 
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Ecbittm seiioeilm var. Boies.) 980 

— eetoeun}) IkUle, 80^. 

— setomm, Vahl, 8C6, 8^, 603. 

— Sibthorpiif Roem. & Sch., 389,300) 437. 
—• simplex, DC., 364. 

— 0 iv€ BMglomm Lobcl, 429. 

^sp. \%mdet, «G.,” Hb. Linn.], 427, cf. 

392, 304. 

— npicatumy Linn, f., 388-896, 

— stricftmf Ijam., 383. 

— syii^fidre htreuimn, maculatum^ C. B. P., 

880, 417, 424. 

— Temreanmif Gay MS , 387. 

— tin^itanum altmim, Jfoi e variegato^ 

Mor., 417. 

— TournefortUy Gay MS., 382. 

— tuberculatum, Hoffmg, ^ Link, 366^ 

419. 

— umlulattm, Pourr., Sbl, 416. 

— violaceum, Linn. (noin. conf), 426, cf, 

394, 423, etc. 

— vulgare, 0. B. P., 428-432. 

— mlgarey J. Bauh., 431, 433. 

— vulgarCf Ger., 429, 430. 

— vulgare, Iluds., 429, 430. 

— Tulgare, Linn., 394, cf, 363-423. 

--var. anglicum, Iluds., 428. 

- var. grandiflorum, Bert., 387-389. 

- varparvi^orifm, St. Am., 427-432. 

- var, salmanticum, Coincg, 379. 

- corollU jvseis, 381. 

- Jf- raseoj 383. 

— vulgar e patiimlnUm crUpum, To urn., 380. 

- pilis ndprems, 380. 

— Wierzbichii, IJaberl., 865-428. 
Elflpboglossam, Schott, 121. 

Engler’s ‘ Syllabus of tlie Families of Plants,’ 
referred to, 112. 

Eristophyton, Zalessky, 99, 222-229. 

— Bcmertianmn, Zalessky, 206 -229. 

— fascictdare, Zalessky, 205-228. 
Eucalamitesi, Lotsy, 609, (f, 516. 

— hritmmkus, Kidst., 616. 

— cruciatus, Sferuh,, 534, 615. 

Euchteta norvegica, B<*eck, 192, 200. 
Eu-heterangium, Scott *, 92, 93,100. * 
]i)upolypodiuinS,jEVirf/., 120. 


Ferns, mentioned; ftnote 226. 
Fumaria, Linn,, 250. 


Fumaria abortim X, Haiisek., 306. 

— abyssinica, Hamm,, 308. 

— acrocarpa, Peterman, 310.. 

— (rffiniB, Hamm., 279. 

— afincana, Batt. k Trab., 848. 

— africana, Coss., 843-351. 

— afrirana, Lam., 843 . 

— africAna, Willk. k Lange, 345. 

— agraria, L&g,, 269. 

-subsp, Merinoi, Pan, 260. 

-subsp. tmuiseota, Ball, 262. 

-\ar. algerica, Ilaussk., 264, 

-var. atlantica, Ball, 273. 

-var. atlantica, Cose., 260. 

- var, chileneis, Bari, 259. 

-var. data, Ball, 280. 

-var. major, Hamm., 203. 

- var, mauritanica, Haunk., 

259. 

— Alberta X , Rouy & Fouc., 305. 

— alevandrina, Ehrenb., 267. 

— ah'i andrina, Gasp., 206, 

— amarysia, Boiss. ^ Heldr,, 267, 

— amhigua, Loj. Pojero, 266. 

— anatolica, Boisa., 298. 

— apiculata, Lange, 289. 

I — anmdana, Boiss., 261. 

I — asepala, Boies,, 321, 

I- iHir. aprica, Bttgs, 321. 

- var. compacta, Ilaussk,, 321. 

— atlantica, Coss, I)nr., 260. 

I- var. plutyptera, i%«. *, 261. 

, — australis, Bags, 309, 

1 — Ballii, I^ugs, *, 262. 

I — Barstardii, Bor,, 278. 

- var, nffinis, Bugs. *, 279. 

- var. benedicta, Bugs, 280, 

- var. Gussoiiei, Bugs,, 279. 

j- rar, hibemica, Bugs., 279. 

— — var. major, Bor., 287. 

j- lar, patens, Bugs, ♦, 278* 

I — — rar. vegans, I^igs, % 279. 

* — — X muralis subsp. Boireei,Sl6\^ 

— berberica. Bugs.*, 273, 

— bicolor, Somm,, 276, 

— Boissieri, Uaussk.f 306, 

— Borm, Bab., 272. 

— Borcti, Jord., 287. 

•— — var, mural\f6rmi$, CteV., 287* 

-var* e^ro^^a,*€lav.y 287. 

-"^ar, vema, Olav., 287. 
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Samaria Iracteosa, Pomel, 800. 

— Bumati x, Verguin, 264. j 

— cmspitosa^ Loscos, 820, 826. i 

— ealpcinuy Bab., 299. ‘ 

— Camemnif Bubani, 315. 

— capreolata, Linn., 209. j 

- var* albiflora, llamm., 270. 

-var. atronanguinea, Broch. & Nejr., 

271. 

-var. a Pari., 266. 

- var. Babiiigtonii, Bags., 270. 

-var. Burchellii, DC., 285. 

- var. coiulensata, Ball, 270. | 

- var. devonieiisis, Pugs., 270. ' 

— >— var. flavescens, Nicotra, 270. 

- x'ar, Hoclireutineri, Ihtgs. *, 270. 

-var. intermedia, Ilaussk., 272. 1 

-var. provincialis, Ilouy & Fuuc.,271. 

- var. speciofta, Ilamm.^ 209. | 

— caput-platahee. Batt. & Trab., 340. I 

— carixiata, 8chur, 311. j 

— cerefolia, Batt. & Trab., 346. 

— Chavinii, lieuter, 310. j 

— cilicica, Hamsk, 305. I 

— coccinea, Loioe"^, 274. ' 

— confusa, Jord., 278. I 

— corgmbosa, Boiss., 345. 

— corgmhQsa, Desf., 343. I 

— corymhosa, Hamm., 350. ’ 

— dejlexa, Ileuff., 293. I 

— deUcatula, Batt. & Trab., 332. 

— densyiora, DC., 299, 304. , 

-var. bracttosa, Batt. & Trab., 800. 

-var. Parlatoriana, Ilaussk., 800. i 

— drepanmm, Loj. Pojero, 205. 

— dubia, Pugs. *, 272. 

— erosa, Batt. & Trab., 341. 

— flabellata. Gasp., 206. I 

-var. amhigua, Nicotra, 260. 

— fiors aJbo, Gerard, 302. 

— gaditana, Haussk., 284. 

— Gaillardotii, Boiss., 265, 

— Gasparinii, Bab., 304. 

— Oaspairinii, Bubani, 266. 

— gktuca, Jord., 324. i 

— gracilijlora, Batt. & Trab., 343. 

— OuMomi, Boiss., 278, 279. 

-var. henedicta, Nicotra, 280. 

— var. patens, Ilaussk., 278. 

Heldreichii, Boiss., 293. 

— indica, Pugs. 318. 


Fmnaria indica,/. moutana, Pug<i. 314. 

— Jankte, Haussk., 310. 

— Jordanii, Quss., 280. 

— judaica, Boiss., 267. 

- var. insignis, Pugs. ♦, 267. 

-var. microstachys, Buser, 306. 

— Kralikii, Jord., 298. 

— Laggeri, Jord., 310. 

— leiicantha, Viv., 823. 

— littoralis, Du Mort., 800. 

— Loiseleurii \ar. lerouensis, Burnat, 276. 
longipes, Cos*?. & Dur., 832. 

— macrocurpa, Part., 208. 

— macrosepala, Boiss., 27.3. 

— macrosepala, Scbur, 301. 

— major. Bad., 208. 

- var. algerica, Pugs. 2(4. 

- var. Bpectabilis, lloug, 26.3. 

— major Jtm'ibus dilute 2 mrpurei 8 , Magnol 

2()8. 

- scandensJio) epallidiore, Bay, 209. 

— malacxtana, Ilaussk. & Fritze, 273. 

— Martinii, Clav., 282. 

— media, Lois., 270, .302. 

-var. apiculata, Willk. & Lange, 289. 

—•— var. confusn, Hamm., 278. 

-var. muralib, Hamm,, 285. 

-var. tgpica, Hamm., 287. 

— media, Keichb., 304, 

— megalocarpa, Boiss. & S])runn, 208. 

— Megeri, Hteveii, 303. 

— micraiitha, Lag., 29t). 

- var. dubia, Pugs. *, 2i>9. 

- var. littoialis, Bouy Pouc., .300, 

-var. Parlutormia, Boiss., 300. 

-\ar. Parlatoriana, Kouy & Fouc., 

299. 

— microcar])a, Boiss., 312. 

— microstachys, Kralik, 306, 

— minor folio oblongo capillaceo, C. Bauhin, 

322. 

— montana, Ilaussk., 274. 

— montana, J. A. Schmidt, 207. 

— mucronulata, Scbur, 299, 

— Munbyi, Boiss. 4“ Beut., 28J, 

— muralis, Sond., 285. 

-decipiens. Pugs., 286, 

- var. Icota, Lotce, 286. 

- var. Lebelii, Box/y 4' Phuc., 28(5. 

- vw\ Lowei, Pugs., 280. 

-var. platycarpa, Kouy & Fotio., 284. 
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Fumam inarali$ mhsp. neglectn^ 

m. 

--Borfei, Fug^,, 287. 

- ^ar. ambigita, Pugs,^ 268. 

— —- van britannica, Pugs.f 288. 

- van gracilis^ P**g9»f 286. 

- van hispanlca, Pftg».^^ 288. 

- van longibracteata, Pugs,, 288, 

•— muricaria, Bait, k Trab., 881. 

— nemorosa, Loj. Pojero, 271. 
nmnidica, Goss. & l)ur., 837| 888, *889, 

841. 

-var. kngipes^ Coes., 882. 

-eubvar. mreoeapmideSf Coes., 335. 

^ occidentalis, Pa^e., 261. 

— ochmcea, Bait. & Trab., 851. 

— o6icinalis, Linn,, 802. 

— — f. agre^tie, Ilaussk., 305. 

- tflorUmnda, Peterman, 805. 

— — f. Bcandensy Pugs., 302. 

— — t. umbroHf, Haueek., 305. 

-- var. albiflora, Pari:, 304. 

-var. banatia, (lauesk., 804. 

- van deJieiflora, Pari,, 304. 

■— —‘ van elegane. Pugs., 804. 

— — y%x,Jloribunda, Koch, 88*. 

— — van minor, Koch, 808. 

-\ar. pycnantha, Loret & 13arr«, 804. 

-var, scandens, Hamm., 304. 

-var. scandens, Reichb., 802 

— — var. tropidoearpa, Bueer, 305. 

-var. vulgaris, Koch, 302. 

- var. Wirtgenii, Haussk., 808. 

— (yffictnalis X micrantha, 806. 

-X parvifiora, 805. 

— o,vyloha, Boies., 268. 

— Paititeri x, Pugs., 289. 

— ~ pauidiflora. Bab. 270. 

— palHdifiora^ Jord., 209. 

— parauoxa, Pugs., 282. 

Parlatoriam, Kralik, 800. 

— paiviflora, Lam,, 322. 

-/. Vivianii, Ikfgs,^, 328. 

-eubsp. Vaillantii, Hook, f., 318. 

- van acuminata, Clav., 825. 

- var, glauca, Clan, 824. 

- van indicoides, Pugs.^, 826, 

- vat\ latisecta, Hmssh., 828, 

-var. Unmntha, Clav,, 823. 

— var. msuci'ocarpa, P. Lara, 827. 

— — V(xr. persica, PugsJ^, 824 


Fumaria parviflora var. segetaHs, Hamiait.| 
206,820. 

- van einaitica, Maussik., 825. 

- van Syinei, Pugs., 828. 

-var. tenu^olia, aa, Seht^ammii, Aecb., 

819. 

-var, Vaillantii, Hook, f. k Thom., 

813. 

— parviflora, Bibth, & Smith, 804. 

— parvifhra, Wight k Arnott, 318. 

— Petteri, Hamm., 290, 293. 

— Petteii, Reichb., 2510, 

— pia, Nicotra, 280. 

—- pUienniana, Boiss., 294. 

— platyoalyx, Pomel, 271. 

— 2 )latyoentra, Batt. k Trab., 346. 

— prehefmlis, Kit., 801. 

— purpurea, Gerard, 302. 

— purpurea, Pugs., 272. 

- v/tr. brevisepala. Pugs., 272, 

— Rehoudiana, Batt. k Trab., 336. 

— recoguita, Lacroix, 280. 

— Ileuteri, Roiss., 295, 

— Rcuteri, llaussk., 289, 

— ro'itellata, Knaf, 801. 

— rupestrls, Boiss, ^ Reuf., 201. 

-f. diffusa, IlauBsk., 262. 

-f. umbrosa, Haussk., 262. i 

-viir. laaa, Boiss., 261, 

-var. fuarithna, Batt,, 262, 270. 

— sarcocajmoides, Ooss, k Dur., 3«36. 

— Schleicheri, Soy.- Will., 810. 

-var. microcarpa, Busor, 812, 

- van supina, Pugs.^, 310. 

— Schleicheri X Vaillantii var. Ciiavinii, 

Pugs.*, 812. 

— Schraminii, Pugs.^, 319. 

- var. orientalis, Pugs.*, 319. 

— segetalis, Coutinho, 295. 

— bepium, Boiss., 284. 

- var. gaditana. Pugs.*, 284. 

— serotina, Guss., 280. 
speciosa, Batt. k TmK, 847, 

— speciosa, Jord., 269. 

— spectahilis, Biechoif, 204. 

— specfabilis, Debeaux, 268, 

— Stufynii, Opk, 801, 

— sttpina, Janka, 810. 

— tenuifolin, Batt. k Trab., 889. 
tenuifolia, Fries, 810. 

— temUfoUa, Gerard, 299. 
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Futuaria Untdfolia^ Kotli) 322. 

— tenmBBcta, Syme, 263. 

— Thuretiiy BoUs^, 292« 

- var, detiexa, Puffs,^, 293. 

- vat\ Ileldreichii; /?ow«., 293. 

- var, pikertniana, Pags.^j 29J. 

- var, thasia, !%«.*, 295. 

—- Trabuti, 13att. k Trab., 320. 

— trmmilvanicaj Scliur, 301. 

— Vagans, Jord.^ 279. 

-var. occidentaliH, Jiouy bi Fotic., 279. 

— Valllantil, Bab., 316, 323, 

— Vaillanlii, Lois,, 316. 

--siibsp. Schlvicheri, Rouy A: Fouc., 310. 

- var, (3iavinii, Rouy Fouc,, 316. 

- var, confer I a, Haimk,, 316. 

-var. gracilis, Knaf, 316. 

— — var, indica, Haussk., 318. 

-var. Laggeri, Hamm., 310. 

-%ar. Laggeri, Ilauask., 316. 

-var. ochroleucd, Knaf, 317. 

-var. Schram>hn, liausak., 319. 

- var, veiietica, Pugs,^, 317. 

— vulgaris, Bubani, 302. 

— vulgaris, Parkinson, 302. 

— Wirfgcmii, Koch, 803. 

“ Purl,*’ suggested new leim for spike 
{cincimus), 304. 

dates, 11. It., System itic Study of the 
N. American Mclauthaceai, 131-172. 
(lentians, distrib, 439. 

Greek Flora,Two Critical Plants (Lacaita), 
126-129. 

Guinardia, Perag,, 177-188. 

— floccida, Perag,, 180,187, 202. 

Guppy, II. B., Plant-distribution from the 

standpoint of an Idealist, 439- 472. 
Gymnogramme, Pesv,, 119,120, 

— Pozoi, Desv., 120. 

Oymnopteris, Presl, 121. 

Ilarshberger, cited on plant-distrib., 445, 
448. 

llastingsia, JVats,, 168-170. 

-- alba, JS, Wats., 168, 109. 

— bracteosa, S, Wats,, 169. 

Hthelia alle^mnica, C. 0. Ginel., 135. 

— eoHina, C. C. Gmel., 136. 

Helonifts, Linn,, 145,147. 

unguiti/oUa, Michx., 148. 


Heloiiias angiMtifolia, Nutt., 167. 

— asphodeloides, Linn., 143. 

— borealis, "Willd., 135, 

— bvacteata, 163, 

— bullata, Linn,, 145. 

— dioica, Pursh, 147. 

— duhia, Michx., 150. 

— erythrospenna, Michx., 148. 

— glaberrima, Link, 152, 153. 

— yraminea, Ell, 159. 

— grnminea, Ker-GawL, 151. 

— loita, Ker-Gavvl., 148. 

— Iteia, 3. minor, Ker-Gawl., 148. 

— latifolia, Michx., 146. 

— luten, Ker-Gawl., 147. 

— paniculata, Nutt., 158. 

— pimiila, Jacq., 147. 

— iena,v, Pursh, 143. 

— virescens, Kunth, 166. 

— virginka, Sims, 161. 

— viridis, Ker-Gawl., 166. 

Heloniopsis, A, Gray, mentioned, 146. 

— pauciilora, A, Gray, 140. 

Ilemionitis, Linn,, 121. 

Ilerdman, W. A., Spolia Ituniana.—III. 
Distrib. of certain Diatoms and Cope- 
poda in the Irish Sea, 173-204. 
Herring, its food, 200. 

Heterangiuins of the British Coal Measures 
(Scott), 69 105. 

lletcrangium, Corda, 69-106; mentioned 
220, 2[i0. 

— alatum, Kub,, 96, 100. 

— Andrei, Kub,, 96. 

— bibractense, Ren., 94,100. 

— cylindricum. Will,, 60, 74, 76. 

— Diichartrei, Ren., 94, 100. 

— Grievii, Will,, 59-100. 

— Grievii, Will., partim, 74, 

— intermedium, Kub,, 96. 

— Lomaxii, Will.*, 60, 74-90, 92, 99, 

101, 106. 

-/• cylindricum, Scotty 83-86. 

- f. a, 86. 

-/ft 76. 

— minimum, Scott *, 90, 100,105. 

— pamdoxum, Corda, 59,92. 

— polystichum, Kub., 96,100. 

— Schusteri, Aw5., 96,100. 

— shorense, Scott 61-66, 02-104. 

— Sturii, Kub., 96,100. 





Heteraogiikm tiUooides, Will,, 69, 66^74, 
92-106, - 

Homoplasj, examples of, 121. 

Hooker Lecture: Nat. Olaseifi »of. Plants 
(Power), 107-124. 

Hooker, Sir W., his works on ferns, 108. 

Huxley, T. H., on the Gentians, i ted^ 
4S9-444. 

Isias, BoeelCf 200. 

Jussieu Herb., the Geime Eckium in 
(Lacaita), 381. 

Kahuio, Limi,, mentioned, 146. 

Kalymma. Unger, mentioned, 206-229. 

Lacaita, C. C.; Two Critical Plants of the 
Greek Flora, 125; Revision of some 
Ciitical Species of Echium in Linneaii 
Herb, etc,, 363-438. 

Laiuai’ck Herb., the Genua Echium iu 
(Lacaita), 383; history of the Hb., 
379. 

JOaoihoe anguitifalia, Greene, 171. 

—* divaricata, Greene, 170 

— parvyivru, Greene, 171. 

— pomvndiana, Rafin., 170. 
purpurea, Greene, 171. 

Lauderia, Cleve, 177,184,187. 

— borealis, Oran, 179,1^, 202. 

Lawfield, F, W., see Arber, F. A, N. 

Ldmanthium hyhridum, Schult., 161. 

— monoieum, Schult., 161, 163,164. 

— virginicum, Willd, 161. 

Lindsaya, Dry,, 121, 

Linnseus, his treatment of Echium, 363. 

Linnean Herbarium, some critical species 
of Echium in (Lacaita), 363-488. 

Litlioppermiuu apulum, Vahi, in Hb. Linn, 
under Echium, 395, 396. 

Lobostemon, Lehm,, spp. in Hb. Linn, 
under Echium, 892-393, 

— argenteus, Buck, 383, 398, 426. 

— capitatus, Buck, 388, 893» 

— formosus, Lehm,, 368. 

— fruticosus, Buck, 383,'393, 426^ 427. 

— irlaber, Buek, 383. 

— hispidus, DC., 437. 

— loevigfttus, Buck, 393. 

— magnisepalum, N,E*Br, MS.t, 303. 


Lobostemon montanns, Bue^, 392,393. 

— sphterocephalus, Buek, 883. 

— spicatus, Buek, 883, 393. 

Lomaria, mentioned, 108. 

Lopbosoria, Breel, 119. 

LoxsomOpsis, Chriet,, 119. 

Lycopodium punctaium, Ren.^ 93, lOQ. 

— J^naultii, Brongn., 98, 94,100. 

Lycopsis altera Anglica, Lobel, 403-434. 

— anglica, Ger., 484. 

— anglica, Lobel, 428-434. 

— angustifoUa minor hiapanica, Barr., 376, 

384. 

— sp., C. Baub., 402-434. 

—, vel Lycapsis degener Anchma, ASgineta, * 
Mathioli Cynoglossum, Lobel & Pena, 
429-480. 

Lygtnodendron, Gourlie, 60. 

Lyginopteris, Baton., 92; mentioned, 60, 
205-228. 

— heterangiodes, Kuh., 96. 

— oldhnmia, Baton., 96. 

Mackerel, its food, 193, 200. 

MacLeod, .1., Quantitative Description of 
Ten British Species of the Genus 
Mnum, Linn., 1-58. 

Malay form of Chlorococcum humicola, 
Kabenh. (Bristol), 473-482. 

** Marginales, ’ new term, Botoer*, 120,121. 
Matonia, B.Br., 121. 

Matteuccia, Todaro,V2\. 

Medullosa anglica, B(ott, 98. 

— stellata, Cotta, 223. 

Megacaryon, Bom., .304; mentioned, 392. 

— armeimm, Boiss., 894. 

— orientale, Boiss,, 804. 

Megaloxylon, Seward, 97,100. 
Melantbacete, Syst. Study of, from the 

Genetic Standpoint (Gates), 131-172. 
Melanthium, Clayt, 160-164. 

— hxglandtdosum, Bertol., 160. 

— denswm, Lam*, 147. 

— dxQicum, Walt., 147. 

— dispersum, Small, 161,163. 

— glaucum, Nutt., 154. 

— hybridum, Walt,, 161,163. 

— lestum, Kinn, 100. 

— Isstum, Soland., 148. 

— laUfolium^ De$r., |61, 163, 

— luteum, W^illd., 147, ^ , 
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Melantliium monoicum, WaU.f ICl, 168. | 

'— mmcatavicunif Walt., 148. 

■— myocionum, J. F. Gmel., 148, I 

— phalangioideSf Lam., 148. | 

— polygammUf Desr., 161. 

— racemosum^ Michx., 16J. 

— racamommy Walt., 137. 

— iibincumf Linn., 153. 

— virescensy Willd., 155. 

— virginicum, IJnn.y .160-161, 163. 
Menispermace®, di&trib., 445. 

IMesopitys, /jnlessktjy mentioned, 2^8. 
Mesoxylon, Scott <$' Mnsletiy mentioned, 

228 229. 

Meiaiiarthecium, Muxim.y ineniionod, 

143. 

Metaxya, 119, 121. 

Microcalanus pusillus, Sarsy 176. 

Miller’s * Clard. Diet.,’ the Eohia of (La- 
caita), 427-438. 

Mniuni, X5m., Quant, doscr. of ten Britieli 
species of (MacLeod), 1-58. 

— affine, Bland.y 4J, 51-56, 57, 58; men¬ 

tioned, 16. 

— cinclidioides, X/y//, mentioned, 51. 

— cuspidatuni, Hedw.y 42, 51-50; men¬ 

tioned, 16, 2.3. 

— horuum, Linn.y 20, 23, 30, 43, 51-56; 

mentioned, 13-le5, 16. 

— lycopodioides. Schwa eg.y mentioned, 51. 

— ortliorrliyuohum, liruchy Schimp. cS* 

Gucmh.y 18, 25, 44, 51 oti; mentioned, 

5, 16. 

— punotatnin, Ilvdw.y 45, 51 -50; men¬ 

tioned, f^8y 12, 16. 

— ripariuiu, Mitf.y mentioned, 51. 

— rostratnm, Schrad.y 46, 51-56, 57, 58; 

mentioned, 16. 

— serratum, Schrad.y 47, 51-56; men¬ 

tioned, 8-11, 16, 25. 

— spinosum, Schrad.y 48, 51-56; men- j 

tioned, 16, 21. ! 

— stellare, lieich.y mentioned, 51, 

— subglosum, Bruchy Schimp.y ^ Gttemh.y 

49,51-56; mentioned, 16. 

— undulatum, Linn.y 50, 51 < .56; men¬ 

tioned, 6,16. I 

Mohria, Sto^t ! 

Morphology of Calamite Stems (Arber k 
LowfieW), 607-580. I 

Matation hypothesis and Darwinism, 489. ! 


Narthecium, Moehringy 139-143, 145. 

— aipinnmy Michx., 135. 

— amcricanumy Ker-Gawl., 139, 140, 141. 

— antMricoideSy Hoppe, 139. 

— a^iaticuin, Maiim.y 140. 

— horealcy Wahlenb., 135. 

— californiciini. Bakery 141, 14(i. 

— calgcuhttunif AIL, 135. 

— glatinosuniy Micbx., 137. 

— ossifragum var. aniericanumy A. (tray, 

139, 140. 

-var. occidentaicy A. Gray, 110. 

— paluatrCf Bub., 1.39. 

— pubensy Michx., 137. 

— pasidum, Michx., 135. 

— ecahrmiy Ilafin., 137. 

Nephrolepis, Schotty 122. 

Nietneroa, Klotzschy mentioned, 143, 

— corymbosa, Klotzsch Sf Schomb.y 143. 
Xiphobolus, Kautf.y 120. 

Nitzaebia dolicatissimn, Clevcy 177. 
Nyctiphanes norvegica, Sars y 192. 

Oceanorus, Small, 159-160; uiontioned? 
133. 

— leimanthoides, Smally 159. 
Odontostomum, 'Forr.y 171-172. 

— llartwegii. Torr.y 171. 

Oenothera gigas, FrieSy 168, 

— JiamarcJviann, Ser.y 168, 

Oithona lielgolaiidica, ClanSy 176-202. 

— Bwiilisy Claus, 176. 

Oloandra, Cav.y 122. 

Onosnia megalospju’muni, Hom.y 394. 
Ophioglossiim, Linn.y annkeii sporangia, 
mentioned, 115. 

— palimxtuin, Linn.y 117. 

Ophiostachgn vtrgmica, Del,, 147. 
Ornithoyalum croceumy Ell,, 167. 

— croccuviy Kiinth, 167, 

— divaricatumy Lindl., 170. 

— Nvitalliamnn, Kimtb, 167. 

— texamwiy Scheele, 107. 

Usmuuda, Linn,y 120. 

Oxytria albijloray Pollard, 167. 

— croceoy Bafiii., J67. 

— ftwanay Pollard, 167. 

Poisia, A. St, Hil.y l21. 

Palestine, a new species of Bchium from 
(Lacaita), 366. 
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parvus, 176-202. \ 

Parapitys Spenceri, Zale^Bky^ mentioned, 
228, ' 

Paulson, R., and S. Hastings, Relation j 
between the Alga and Fungus of a 
Lichen, 497- 506, 

Pellsea, Link^ 122. 

Petrosavia, Becu,^ menticmed, 143. 

— stellaris, i?eec., 143. | 

Pludangimn croceMm, Michx., 167. 

— poffiendtanum, D. Don, 170. 

Phegopteris, F^, 120. I 

Phymatodes, Piw/, 120. i 

Pltyese, mentioned, 228. 

Pity 8, Wit ham ^ iiientioued, 223-228. 
Plagiogyria, Mett., mentioned, 108. 
Plant-distribution from the standpoint of 
an Idealist (Guppy), 439-472. 

Plantago major, Linn.^ mentioned, 421. 
Platycerium, Desv*, 121. 

Pleea, Miehx,^ 138-139, 

— tenuifolia, Michx 138. 

Pleurococcui Nitgelu, Ohod., 473. I 

Podostemaceee, distrib., 443, 445. I 

Polyangium, Scott *, 02,99. I 

Polybotpya osmundacea, Humk Botqd^y 
121 . 

Polygonatum, Toimu, mentioned, 132, 
Polypodium, Linn,, 119. 

— alpestre, Spemu^ 122. 

— punctatum, Sv),j 121. 

Poroxylon, ^ Ren,^ mentioned, 216, I 
228. 

— DuchaHrei, Ren., 94. 

Presl^bis * Tentamen/ 108. i 

Protococcus Monas, Ap,, 473. I 

— viridis, Ag., 473. • 

Protopitys Bucbiana, Goepp,, 223-227. ^ 

Pseudathyrium, Newm,, 122. 

Pseudocalanus elongatus, Bocokf 176 -202. ' 

Pteris, Linn,, 120-122. 

Pugsley, H. W., Revision of Fumaria and j 

Itupicapnoa, 233-855. 


Reid, 0., cited on plant-distrib., 442. 
Rbetinang^um, Gordon, mentioned, 60. 

— Arberl, Gordon, 97. 

Rbisosolenia, Bnghtw., 177-188, 

— alata, Br^htw,, 185, 202. 

— semispina, HeMon, 179,186, 202. 


Rhizosolenia setigej^a, BrighUc,, 179,185, 
202. 

— Shrubsolei, Ohvr, 179,185, 202. 

— spp., 179,186. 

— Stolterfothi, Perog,, 185, 202. 
Rupicapnos, Pomei, 328. 

— nfricana, Pomei, 348. 

— africano, Pugn,*, 343. 

— caput-platalese, Pomei, 340. 

— cerefolia, Pomei, 846. 

— Cossonii, Pugs,^, 338. 

— decipiens, Pug$,*, 845. 

- mr, mauritanica, Ptfgs.*, 345. 

— delicatula, Pomei, 382. 

— erosa, Pomei, 341. 

- var. major, Pitgs.^, 342. 

—; g^^acilijlora, Pomei, 343. 

— longipes, Pomei, 332. 

— muricaria, Pomei, 331. 

— numidica, Pomei, 387. 

— ochracea, Pomei, 351. 

— oraneneis, Pugs,*, 350. 

— platycentra, Pomei, 346. 

— Pomeliana, Pugs.*, 348. 

— praetermissa, Pugs.*, 333. 

— Keboudiana, Pomei, 336. 

— samocapnoides, Pomei, 335, 

~ speciosa, Pomei, 347. 

— sublcevis, P^fgs *, 334. 

— tenuifolia, Pomei, 389. 


Salmon, C. E., Hybrid Stachgs, 367-302. 
JScheuchseria Pseud-Asphodelus, Scop., 135. 
Sclioenocaujon, A, Gray, 150. 

— Drumniondii, A, Gray, 149,150. 

— dubium, Small, 149,160. 

— gracile, A. Gray, 160. 

— texanura, Sekeele, 160, 

Schcenolirion, Torr,, 107-170. 

— albidorum, Gates*, 167, 168. 

— album, S. Wats., 109. 

— croceum, A. Gray, 167. 

— EUiottiu Feay, 167. 

— Micimuxii, Chapm., 107. 

— texanum, A, Gray, 167,168. 

Scilla pomeridianum, Ker-Gawl., 170. 
Scolopendrium, Sm,, 116,121* 

Scott, D. H.; The Heterangiums of the 
British Coal Measures, 59-105; Notes 
on Calamopitye, Unger, 205-232. 
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Sibthorp*s Herb., the Echia of (Lacaita), 
884-80?. 

Skeletonema costatum, Cleoe, 177. 
Sparganum aone, 84, 91, 97. 

Sphenopteris elegans, Brongn,^ 98. 
Stachys, Linn,f hybrid (Salmon), 357. 

— alpina, iinw., 357-362. 

-var. intermedia, Benth,, 358-360. 

— alpino-germanica X, Briq.y 358, 360. 

— alpino-lanata X, 368. 

— creticoy Linn., 369. 

— curmflortty Tausch, 369, 860. 

— digenea, Leguiy 369-36J. 

— germanica, Linn., 367-862. 

-var. intermedidy Boiss., 869, 360. 

— intermedia, Ait,y 367-300. 

- u. digeneiifl, Rouyy 369, 300. 

-paradoxu.«, 369, 360. 

— lanata, Jacq.y 868. 

— orientalisy Linn., 359, 360. 

— palnptris, Linn.j 358. 

— paradoxdy Rouy, 360. 

— rosetty Iloben., 368-860. 

— ifhirieay Link, 358 - 360 . 

— sylvatica, Linn,, mentioned, 360. 

— urticifolia, Tamchy 300. 

Statistical treatment of plant-distrib., 446, 
462-471. 

Stems of Calamttes (Arber & Lawfield), 
507-630. 

Stenanthella, Bgdb.y 152. 

— frigida, Gates*, 162. 

— occidentnli.**, Bi/db,, 162. 

— sachalinensis, Bgdb.y 162. 

Stenanthiiim, Kunth, 151. 

— angmtifoliamy Kiintli, 161. 

— friyidum, Kunth, 152. 

— gramineum, Morong, 151. 

— occidentale, A. Gray, 152. 

— robustum, S. Wats , 151. 

Stenochlaena, J, Sm., 119, 121. 
Stenoniyelon, Kidst,, mentioned, 227. 
Stiginaria sp., mentioned, 209. 

Stopes, M. C., Bmnettites SeoUii, sp. nov,, 
483-496. 

StreptopuB, Michx*, mentioned, 132. 
StyhcalamiteSy Weiss, 609, cf, 515, 

•— Cistiy Brongn., 526. 

*'Superficiales,’* new term, Bmver*, 120. 
Sutcliffia, Scotty alluded to, 98, 

Syngramme, /. Sm., 121. 

# 


Temora longicornis, Sara, 170-203. 
Thalassiosira, Cieve, 177-187. 

— gi’avida, Clet)e, 184, 202. 

— Nordenskioldi, Cfleve, 184, 202. 
Tliiselton-Dyer, see Dyer, 

Thymus angustifolivs Tor. Chaubardi, 
Boiss. & Ileldr., 126. 

— Chamesdrys, Fr., 126,128. 

— Chaubardi, Boiss. & Heldr., 126, 

126. 

— glabratiis, Bory ^ Chaub,, 126. 

— heterotrkhuSy Griseb., 126,126. 

— lauceolatus, Desf.y 126. 

— lanceolatusy Sibth. & Sm., 125. 

— lancifolim, Celak., 125. 

— omdus, Mill., 128. 

— Serpyllum var. Chaubardi, Boiss., 125, 

120. 

— Sibthorpii, Benth,, 125-129. 

-var. grandijlonts, Ilaiissk., 127. 

-var. stihalpinusy Ilaussk., 127. 

Todea, WUld.y 120. 

ToHeldia, Huds., 136-137, 139. 

— alpina, Sm., 135. 

— borealis, Cham., 136. 

— borealis, Wahlenb., 135, 130. 

— calycuhita, Wnhlmb,, 136. 

— coccinea, Bichardstm, 136. 

- mr. major, Hook., 136. 

— falcate, Pers, 130. 

— glaherrima, MacBride, 136. 

— glabra, Nutt., 136. 

— glutinosa, Hook., 137. 

— glutinosa, Pers., 137. 

— intermedia, Ilydb., 137. 

— japonxea, Miq., 137. 

— Moritziaim, 11 . Schultze, 130. 

— occidentalis, S. Wats., 137. 

— palustris, Huds,, 135, 130. 

— puhens, Hook., 137. 

— puhescensy Delar., 137. 

— pusilla, Willd., 136. 

— raremosa, Britton, Sterns Si Pogg, 137. 

— Hchoinburgkiana, Oliver, 136. 

— btenopetala, Smith, 135. 

Tournefort Herb., the Genus Eckium in 
(Lacaita), 379. 

Toxicoscoi’dion, Bydb., 160-160, ef. 188. 

— acutum, Eydb,, 150. 

— areuicola, Hellei*, 167. 

— brevibracteatus, Gates*, 168. 
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ToxicoscibMion exaltatuni, 167. 

— Mcfttum, 15^* 

— Freroontii, Pydb*^ 167. 

— — var. minor, Gatefi^f 167. 

—- yrnmitumnif K^db., 1}S6. 

— interniedimn, Mydb.f 166. 

— micranthum, Heller^ 168. 

— Nuttallu, Itydh,, 157. 

— t)al3iculatttm, Jtydh.j 164,166. 

— salinum, Oaies*f 166. 

— venonOsum, Eydh,, 164,168 
Tracyanthm rngnutifolim^ Small, 148. 
-var. texanuBf Bnsh, 148. 

— texamiSf Small, 148. 

Triantha, Baker, 137-142. 

~~ gliitinosa, Baker, 137. 

— intermedia, Oates*, 137. 

■— japonica, Baker, 137. 

— occidentalis, Gates*, 137. 

— racemosa, Small, 137. 

Tfismeria, Fbe, 121. 

Tristichaceffi, ^strib., 443, 446. 


Veratrum, Team*, 166-167. 

— edhum, Michx., 166. 

— album, S. Wats., 166. 

— amerieanum, Mill., 146. 

— angusfifolium, Piirsh, 161. 

— californicuui, Durand, 165,167, 

— caudatum, Heller, 165,167. 

— Eschscholtzii, A, Gray, 165. 

— fimbriaturo, A. Gray, 166, 107. 

— ftamm, Herb., 147. 

— frigidtm, Schlecbt. & Oham., 152. 

— intermedium, Chapm,, 105,166. 

— Joneaii, Heller, 165. 

— Lobelianum, /? Eschscholtziamm, Schult. 

f., 165. 

— luteum, Linn., 147. 
nigrum, Linn., 166. 

— parviflonm, Bong., ll'6. 

— parriflorum, Mickr., 103,165, 166. 

— speemtm, Rydb., 166. 

— tenuip^talum, Heller, 105,167. 

— viresbmis, Mart. & Qal, 156. 

— virginicum, Ait., Iftt, 

— viride, Ait, 165,166. 

-- Woodii, Mobbins, 165,166. 

Viburnum, JUnn., mentioned, 146, , 


West, G. 8., comniuiikation by 
I 473. 

Willis, J. C., eited on plant^distrib., 443^ 
472. 

Woodwardia, Sm., 119. 

Xeropbyllum, Mkhx., 143-146. 

— asphodeloides, Futt, 143. 

I Douglasii, S. Wats., 143. 

— graminetim, Nutt., 151* 

— setifolium, Lindl., 143. 

— setifolhm, Michx., 143. 

'- var., A. Gray, 143, 144. 

I — tenax, Nutt., 143,144. 

I 

Zygadenus, Mich.x\, 133,152-160. 

— acutus, Rydb., 166. 

I — alpinm, Blatikin, 153. 

— angushfolim, S. Wats., 148. 

— bracteatus, Roeni. 4 Schult., 153. 

— brevihracteatus, Holl, 158. 

— canadensis, Ilort., 154. 

— chloranthus, Richards, 164. 

— chloranthus, a. minor. Hook. & Am., 157. 

I — chloranthus, fi. major, Hook. & Arn., 154. 

— coloradensis, Rydb., 154. 

— commutatus, Schult., 157. 

— dilatatus, Greene, 158. 

— Dauglaiil, Torr., 157. 

• — elegans, Rydb., 153, li>4. 

I- var. coloradensis, M. E. Jones, 154, 

— exultatus, Eustw., 157. 

— Jaloatm, Rydb., 158. 

— Fremonfii, Torr., }57. 

I — F'emnntii, var. brevihracteatus, M. E. 
Jones, 156. 

^ — var. minor, Hook. & Arn., 157. 
—‘frigidus, Kuntb, 152. 

— glaberrimus, Michx., 152. 

— glaberrimus, Hook. & Arn., 164,167. 

— glaucus, Nutt., 164,167. 

— gracileiUus, Greene; 166. 

— gramineus, Rydb., 166. 

— hybridus, Kuntb, 161, 

— intermedius, Rydb., 150. 

— japonicus, Makino, 163. 

— leimanthaides, A. Gray, 159, 

— hmgus, Greene, 166, 

— mexioarm, Hetnsl., 156. 

— micranthus, Eastw., 168. 

— mohinot^ensiSf Oreetm.^ 155. 
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Zygadenuh mmcatoxi('U$, Rogpl, ] 48. 

— Nuttalliiy A. Gray, 167. 

--- Ntitiaim, S. Wats., ]66, 167. 
-\ar. panicuhius, Baker, 158, 

— panimlatmf S. Wats., 168. 

— porrifolit(8, Greene, 155. 

— salitms, A. Nelson, 16(J, 

— eihtricufif Kuiith, 15.‘J. 


Z}gadeiins sperioms, Duugl., 157. 

-var. minor^ Greene, 157, 

— venenosusy S. Wats., 156. 

-\ar. ninbif/uufty E. Jones, 

15G. 

— virf/mu'Ufi, Kiintli, 161. 

— voIcanicu8y Bentb., 155. 

— volcanicuHy S. Wats., 155, 
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